►  STRATOPIX  .  .  .  The  argument  for  Stratovision  pilots.  In  approximately  ten  years  ANDB  plans  to 
has  taken  a  new  turn  in  the  discussion  now  centering  spend  80  million  dollars  on  research  and  develop- 
on  the  expansion  of  television  into  the  frequencies  ment,  and  Congress  has  looked  favorably  on  its  plans, 
above  475  me.  As  proposed  for  use  in  the  present  When  the  final  system  is  proved  in,  the  amount  spent 
commercial  channels,  airborne  transmissions  were  for  production  of  the  equipment  will  run  into  many 
open  to  objection  on  two  grounds :  First,  Stratovision  hundreds  of  millions  of  dollars.  This  huge  program 
produces  a  uniform  field  strength  which  would  pro-  is  essential  to  the  future  expansion  of  aviation,  which 
vide  rural  service,  but  probably  could  not  overcome  is  now  stymied  by  its  inability  to  meet  heavy 
the  high  noise  levels  in  outlying  cities.  Second,  one  schedules  in  bad  weather.  Aviation  and  electronics 
Stratovision  station  would  put  off  the  air  a  score  have  wrestled  with  this  problem  for  ten  years  or 
of  ground-based  stations  on  the  same  channel  and  more.  The  all-out  effort  to  solve  it  looms  big;  it 
thus  would  foster  monopoly.  But  television  on  uhf  should  keep  a  large  segment  of  our  industry  busy 
is  a  different  story.  The  uhf  noise  level  in  cities  is  for  the  next  decade, 
not  so  high,  so  more  uniform  coverage  would  be 
obtainable.  Second,  it  looks  as  though  a  ground- 
based  uhf  station  would  have  so  limited  a  range  (see 
p  68,  this  issue)  that  it  would  be  difficult  to  cover 
suburban  areas,  let  alone  rural  districts.  Thus  the 
question  of  monopoly  is  overshadowed  to  a  large 
extent  by  technical  considerations.  A  comprehensive 
field  test  is  in  order  to  test  Stratovision’s  capabilities 
in  the  uhf  band. 


►  PARTICLES  .  .  .  Time  was  when  the  electron 
and  proton  sufficed  to  describe  the  structure  of  our 
material  world.  Then  came  the  positron.  Then,  a 
decade  ago,  it  became  impossible  to  ignore  the  neu¬ 
tron.  For  a  while  these  four  particles  held  the  stage 
to  themselves.  The  neutrino  was  suggested  but,  being 
virtually  impossible  to  detect,  it  has  remained  a  fig¬ 
ment,  a  dream  particle.  But  lately  the  cosmic-ray 
physicists  have  bumped  into  the  meson,  and  the  flood 
gates  are  down.  We  have  positive  mesons  and  nega¬ 
tive  mesons,  mesons  of  several  different  masses,  all 
transitory,  living  long  enough  only  to  leave  a  track 
in  a  cloud  chamber.  Most  lately  we  have  the  “heavy 
component”  of  cosmic  rays. 

Understandably,  the  discoverers  of  these  latter-day 
particles  have  tended  to  label  them  “fundamental.” 
But  other  physicists,  clinging  to  the  hope  that  nature 
has  a  simple  core,  say  it  is  only  a  matter  of  time 
before  mesons  will  be  found  to  consist  of  aggrega¬ 
tions  of  electrons  and  positrons.  We  hope  so  too. 
Things  are  tough  enough  without  multiple-valued 
mesons  cluttering  up  the  landscape. 

*  Whatever  the  future  may  hold,  there  is  some  com¬ 
fort  in  the  fact  that,  since  electronics  began,  only 
two  types  of  particle  have  amounted  to  anything  in 
practical  electron  tubes,  electrons  and  ions.  If  we 
add  the  absence  of  an  electron,  the  “hole”  of  the 
transistor,  we  have  the  lot,  so  far  as  practical  elec¬ 
tronic  engineering  goes. 


►  ARGUMENT  .  .  .  We  thought  Jeremiah  Courtney's 
“What’s  Wrong  with  U.  S.  Frequency  Allocations?” 
(p  73,  August)  would  start  something.  It  brought 
a  rejoinder  from  A.  L.  Macintosh  of  the  FCC,  pub¬ 
lished  in  this  month’s  Backtalk  column  (p  240).  We 
recommend  a  careful  reading  of  both  sides  of  the 
argument. 


►  ANDB  . .  .  The  Air  Navigation  Development  Board 
is  an  agency  deserving  every  support  of  the  electronic 
industry.  Its  purpose  is  to  guide  and  support  the 
development  of  a  system  of  air  navigation  and  traffic 
control,  the  so-called  “common  system”  which  will 
assure  safe  all-weather  flight  in  military  and  civil 
aircraft.  '  Administered  jointly  by  the  Secretaries  of 
Defense  and  Commerce,  it  will  bring  together  the 
requirements  of  the  Navy,  Air  Force  and  the  civil 
airlines,  lay  out  specifications  for  equipment  and  let 
contracts  for  development  of  some  30  items  of  elec¬ 
tronic  equipment  ranging  from  ground  radar  to  auto- 
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The  PROSPECTS 


JTAC  reports  to  FCC  that  service  on  47  5-890  me  is  possible  only  with .  high  field 
strengths,  and  predicts  megawatts  must  be  radiated  by  ground-based  stations  to  give 
results  comparable  with  present  service.  Suggests  study  of  Stratovision,  satellites 


WHERE  to  find  additional  spec¬ 
trum  space  for  the  burgeon¬ 
ing  television  broadcasting  indus¬ 
try  is  one  of  the  most  perplexing 
questions  now  facing  the  FCC.  To 
explore  the  prospects  of  expansion 
into  the  uhf  band  from  475  to  890 
me,  the  Commission  held  a  hearing 
late  in  September  and  invited  the 
Joint  Technical  Advisory  Commit¬ 
tee  (JTAC)  to  present  evidence. 
The  JTAC  report,  a  200-page  docu¬ 
ment,  contained  an  analysis  based 
on  information  collected  by  IRE 
and  RMA  committees. 

The  conclusion  reached  by  JTAC 
is  that  television  on  475-890  me 
cannot  hope  to  provide  the  same 
grade  of  coverage  over  as  wide  an 
area  as  the  present  channels  from 
54  to  216  me  offer  unless  a  radically 
different  form  of  broadcasting,  such 
as  Stratovision  or  satellite  stations, 
is  adopted.  This  sweeping  con¬ 
clusion  is  based  on  the  propagation 
characteristics  of  the  uhf  band, 
coupled  with  performance  char¬ 
acteristics  of  the  uhf  band  and  uhf 
^uipment. 


The  first  point  made  by  JTAC  is 
that  high  field  strengths  will  be  re¬ 
quired  for  uhf  service.  The  FCC 
rules  establish  a  field  of  500  micro¬ 
volts  per  meter  as  adequate  for 
residential-rural  service  on  the  54- 
216  me  channels.  The  report  shows 
that  a  field  strength  ten  times  as 
great,  or  6,000  microvolts  per  meter, 
will  probably  be  required  for  the 
same  grade  of  service  in  the  476- 
890  me  band.  This  increase  is 
based  on  the  fact  that  the  effective 
heights  of  uhf  antennas  are  smaller, 
the  transmission-line  losses  sub¬ 
stantially  greater,  and  the  noise  in¬ 
herent  in  uhf  receiver  circuits  con¬ 
siderably  greater  than  on  the 
presently-used  vhf  channels.  Thus 
2,650  microvolts  per  meter  would  be 
required  to  produce  a  30  db  signal- 
to-noise  ratio  at  the  viewing  screen, 
using  a  dipole  at  475  me,  50  feet  of 
300-ohm  twin-lead  cable,  and  a  re¬ 
ceiver  with  a  13-db  noise  figure. 

This  figure  applies  to  6-mc  black- 
and-white  service  comparable  to  the 
present  commercial  practice.  A 
wideband  color-television  service  at 


the  opposite  end  of  the  band  (890 
me)  would  require  20,000  micro¬ 
volts  per  meter,  even  if  a  directive 
antenna  having  a  voltage  gain  of  4 
were  used.  The  report  indicates 
that  there  is  much  room  for  im¬ 
provement  in  antennas,  transmis¬ 
sion  lines  and  receivers. 

In  city  districts,  the  FCC  rules 
provide  a  field  strength  ten  times 
that  for  residential  districts,  to 
overcome  man-made  noise  on  vhf 
channels.  On  uhf  channels  such 
man-made  noise  is  not  so  promi¬ 
nent,  so  4he  same  increase  in  field 
strength  may  not  be  required.  But 
a  value  between  5,000  and  50,000 
microvolts  per  meter  would  be  re¬ 
quired  for  city  service  on  uhf 
channels. 

Coverage  Problems 

The  remaining  question  is 
whether  such  high  field  strengths 
can  be  established  at  any  great  dis¬ 
tance  from  the  transmitter,  using 
presently  available  power  levels. 
The  answer  is  definitely  in  the  nega¬ 
tive.  The  RMA  Television  Trans¬ 
mitter  Committee  reported  to 
JTAC  that  the  maximum  power 
available  from  existing  tubes,  over 
a  6-mc  channel,  is  2,000  watts  at 
475  me  and  500  watts  at  890  me.  An 
antenna  power  gain  of  10  is  imme¬ 
diately  available,  so  the  effective 
radiated  power  ranges  from  5  to  20 
kw,  depending  on  the  position  in 
the  band  in  which  the  transmitter 
operates.  Such  low  power  levels 
cannot  produce  a  6,000  microvolt- 
per-meter  field  at  a  distance  of  20 
miles,  let  alone  at  the  40-mile  range 
typical  of  present  performance  on 
vhf  channels. 

These  conclusions  are  based  on 
the  Norton  propagation  formula 


HOW  TO  EXPAND? 

Television  broadcasting  today  presents  a  troublesome  paradox.  In  late  September, 
of  the  124  television  stations  authorized  by  the  FCC,  less  than  40  were  on  the  air. 
Yet  the  industry  already  sees  a  shortage  of  channels.  Over  300  additional  applications 
for  television  station  licenses  await  action,  and  in  many  heavily  populated  districts 
the  supply  of  channels  is  exhausted.  All  this,  despite  the  fact  that  no  television 
station  is  today  meeting  its  expenses. 

Ta  find  room  for  more  stations,  the  FCC  is  considering  the  uhf  band  now  reserved 
for  experimentation  with  color  and  high-definition  monochrome  service.  The  pros  and 
cans  af  uhf  operation  were  analyzed  by  JTAC  at  the  Commission's  request,  with  the 
results  here  described.  Whatever  the  outcome,  to  secure  maximum  service  from  the 
proposed  new  channels,  many  new  techniques  must  be  explored 
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and  on  measurements  of  field 
strength  made  from  an  experi¬ 
mental  transmitter  on  the  Empire 
.State  Building,  which  operated  on 
510  and  910  me.  Along  one  radial, 
the  6,000  microvolt-per-meter  con¬ 
tour  was  found  to  fall  at  15  miles, 
despite  the  fact  that  the  antenna 
height  was  1,060  feet  and  th^ 
figures  were  converted  to  an  effec¬ 
tive  radiated  power  of  100  kw. 
Along  other  radials  the  required 
field  -  strength  was  propagated  out 
30  miles,  but  fell  far  short  of  the 
50  miles  predicted  by  the  Norton 
formula. 

Even  assuming  that  the  Norton 
formula  is  applicable  to  the  uhf 
band,  and  using  the  nominal  value 
of  500  feet  for  transmitting 
antenna  height,  the  report  shows 
that  5,000  microvolts-per-meter  can 
be  delivered  to  40  miles  only  if  214 
kw  of  effective  power  is  radiated. 
'This  power  is  at  least  10  times  that 
available  from  existing  experi¬ 
mental  equipment.  In  contrast,  the 
Norton  formula  predicts,  and  ex¬ 
perience  verifies,  that  50  kw  radi¬ 
ated  from  a  500-foot  antenna  at  65 
me  will  radiate  the  500  microvolts- 
per-meter  required  for  vhf  service 
to  42  miles'. 

Perhaps  most  surprising  is  the 
fact  that  when  the  experimental 
results  from  the  Empire  State 
transmitter  are  averaged  and  sub¬ 
stituted  for  the  Norton  formula¬ 
tion,  similar  performance  could  be 
obtained  (5,000  microvolts-per- 
meter  at  40  miles)  only  if  the  effec¬ 
tive  radiated  power  is  in  the  range 
from  6  to  20  megawatts.  As  the 
report  states,  this  is  more  power 
than  has  ever  been  radiated  in  any 
broadcast  service  in  any  region  of 
the  spectrum,  and  beyond  foresee¬ 
able  attainment  of  the  future. 

The  report  concludes  from  this 
evidence  that  conventional  ground- 
based  transmitters  may  not  be  suit¬ 
able  for  uhf  television  service  and 
suggests  the  .possibilities  of  air¬ 
borne  transmitters  and  satellite 


stations  be  investigated  as  alterna¬ 
tives. 

System  standards  (number  of 
lines  and  frames,  bandwidth,  type 
of  sync  signals,  modulation,  etc) 
are  necessary  before  uhf  television 
service  can  be  instituted.  An  in-  * 
vestigation  conducted  by  an  RMA 
subcommittee  revealed  that  the 
present  commercial  standards  (6- 
mc,  525-line,  30-frame  picture)  are 
technically  feasible  for  use  in  the 
uhf  service  and-  if  adopted  would 
permit  existing  vhf  receivers  to  re¬ 
ceive  the  new  service  with  the  addi¬ 
tion  of  a  frequency  converter  and  a 
uhf  antenna.  Since  one  objective 
of  the  study  was  to  find  ways  of  ex¬ 
panding  the  present  service,  such 
compatibility  with  existing  equip¬ 
ment  is  evidently  a  basic  require¬ 
ment.  But  it  is  possible  that  modi¬ 
fications  of  the  existing  standards, 
and  possibly  wholly  new  standards, 
could  be  set  up  to  provide  a  superior 
service,  while  still  permitting  exist¬ 
ing  equipment  to  receive  the  serv¬ 
ice.  JTAC  recommends  that  this 
possibility  be  carefully  studied,  in 
the  immediate  future,  before  adopt¬ 
ing  system  standards  for  uhf  tests. 

The  need  for  development  of  a 
color-television  service  must  not  be 
forgotten  in  the  expansion  of  mono¬ 
chrome  service,  the  report  warns. 
It  recommends  that  the  FCC  con¬ 
tinue  to  reserve  space  in  the  uhf 
spectrum  for  the  experimental  de¬ 
velopment  of  color  and  high-defini- 
tion  monochrome  service.  No  sys¬ 
tem  standards  for  such  wideband 
services  are  proposed,  however, 
since  JTAC  considers  that  these 
systems  are  not  yet  ready  for  com¬ 
mercial  operation. 

Equipment  Availability 

Investigations  by  IRE  and  RMA 
committees  revealed  that  no  com¬ 
mercial  equipment  for  transmission 
or  reception  of  uhf  television  is  now 
available,  and  indications  are  that 
from  1  to  3  years  will  be  required 
to  develop  such  equipment  to  the 


point  of  commercial  production. 
One  encouraging  report  was  that  a 
new  water-cooled  tube,  capable  of 
producing  10  kw  of  power  at  890 
me,  is  under  development  and  may 
be  proved  in  by  next  year. 

Further  measurements  of  propa¬ 
gation  effects  (especially  tropo¬ 
spheric  propagation  which  may 
cause  serious  interference  far  be¬ 
yond-  the  normal  interference 
range)  are  required  before  an  allo¬ 
cations  plan  can  be  set  up.  JTAC 
recommends  that  such  measure¬ 
ments  be  made  during  the  1  to  3 
year  period  required  for  the  pro¬ 
duction  of  transmitters  and  receiv¬ 
ers  suitable  for  the  band.  This 
study  should  include  a  detailed  field 
test  of  the  field  strengths  required 
for  residential  and  city  service,  the 
interference  protection  ratios  re¬ 
quired  for  co-channel  and  adjacent- 
channel  stations,  and  the  coverage 
attainable  with  available  transmit¬ 
ter  power.  Moreover,  the  special 
capabilities  or  limitations  of  air¬ 
borne  and  satellite  stations  in  these 
respects  should  be  investigated. 

Plan  for  Future  Hearing 

The  JTAC  report  concludes  with 
a  recommendation  that  another 
hearing  be  set  by  the  FCC  in  ap¬ 
proximately  six  months  to  receive 
additional  evidence  on  propagation 
and  coverage.  At  this  hearing,  and 
in  the  light  of  additional  informa¬ 
tion,  definite  systems  standards 
(either  the  existing  standards  or 
variations  of  them  compatible  with 
existing  receivers)  should  be  de¬ 
cided  upon.  The  number  of  chan¬ 
nels  in  the  uhf  spectrum  and  the 
portion  of  the  spectrum  to  be  used 
should  also  be  decided  at  this  time. 

Acting  on  this  information,  the 
industry  can  then  proceed  to  de¬ 
velop  equipment  and  transmission 
methods  best  adapted  to  uhf  service 
and  the  service  can  be  instituted 
commercially  as  soon  thereafter  as 
the  propagation  studies  are  com¬ 
pleted. — D.G.F. 
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BBC  200-kw  station  at  Droitwich,  England,  operating  on  200  kc 


INTERNATIONAL 


A  review  of  world-wide  practices  indicates  the  international  character  of  all  European 
radio  broadcasting  and  the  extent  of  wire-network  public-address  systems  used  in  many 
countries.  Despite  exploitation  of  radio  as  a  propaganda  medium,  the  potentialities  of 
broadcasting  as  known  in  the  U.  S.  and  Canada  have  barely  touched  much  of  Europe 


By  its  very  nature,  broadcast¬ 
ing  is  international.  Yet  few 
engineers  seem  to  have  either  the 
time,  or  the  inclination,  to  regard  it 
as  such.  Stuck  away  in  offices  work¬ 
ing  a  slide  rule,  or  watching  meters 
at  the  transmitter,  the  broadcast 
engineer  too  often  sees  only  the 
domestic  side  of  the  picture.  For 
him,  the  FCC  is  the  god  to  be  ap¬ 
peased,  and  the  creator  of  the  rules 
under  which  he  operates,  NARBA 
is  a  word  which  comes  into  the  con¬ 
versation  when  the  going  gets 
really  technical,  but  not  many  stop 
to  think  what  it  means  or  how  it 
affects  their  bread  and  butter. 


Yet  without  it  the  conditions  of 
the  North  American  ether  would  be 
chaotic,  and  within  a  very  short 
time  many  stations  would  be  forced 
to  close  down  owing  to  excessive 
interference.  The  Standards  of 
Good  Engineering  Practice  and  the 
Rules  and  Regulations  of  the  FCC 
are  not  the  composition  of  only  that 
body,  but  reflect  the  contractual 
obligations  proposed  by  the  North 
American  Radio  Broadcasting 
Agreement,  which  is  adhered  to  by 
the  U.  S.,  Canada,  Cuba,  Mexico, 
Newfoundland,  the  Bahamas  and 
Bermuda. 

The  system  of  allocating  radio 


frequencies  to  the  countries  of  the 
world  requires  much  more  space  to 
give  even  a  brief  description  than  is 
available  here.  Moreover,  to  do 
justice  to  the  great  amount  of  work 
and  thought  which  these  confer¬ 
ences  and  conventions  entail,  the 
history  of  their  growth  would  have 
to  be  included. 

As  far  as  domestic  and  North 
American  region  operations  are 
concerned  the  most  vital  controls 
and  regulations  spring  directly 
from  NARBA,  and  indirectly  from 
the  International  Telecommunica¬ 
tions  Conventions  which  are  held 
periodically.  The  most  recent  one 
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Changing  a  50-kw  tube  in  BBC  final  amplifier.  Dolly  speeds 
work  and  avoids  damage  to  equipment 


One  of  several  pretuned  final  tanks  used  at  Skelton.  England 
being  wheeled  into  position 


BROADCASTING 


Table  I — License  Fees  ior  Private  Canadian  Broadcasting  Stations 


By  JOHN  H.  BATTISON 

Allocations  Engineer 
American  Broadcasting  Co. 
New  York,  N.  Y. 


concerning  the  broadcast  engineer 
was  the  Atlantic  City  Convention. 
Up  until  October  2,  1947,  the  con¬ 
vention  of  Madrid,  1932,  had  gov¬ 
erned  the  radio  transmissions  of 
most  countries  of  the  world.  On 
January  1,  1949,  the  operations  of 
72  countries  will  be  affected  by  the 
changes  made  in  the  Interna¬ 
tional  Union  of  Telecommunications. 

The  actual  allocating  of  fre¬ 
quencies  and  recording  of  requests 
is  the  job  of  the  International  Fre¬ 
quency  Registration  Board,  which 
is  composed  of  eleven  members  and 
is  charged  with  the  equitable  alloca¬ 
tions  of  frequencies  and  supervision 


Class,  and  Power  of 
Station  in  Watts 

Class  \ 

100 
or  less 


Class  B 
250 
500 
1,000 


Class  C 
5,000 
10,000 

Class  D 
15,000 

Class  E 
20,000 
25,000 

Class  F 
50,000 

Class  G 
50,001 
and  over 


Service 
Radius 
in  Miles 


Population  in  Service  Radius 


License 

Fee 


Under  25, 0000 .  $ 

25,000  and  under  50,000 . 

50,000  and  under  150,000 . 

150,000  and  under  500,000 . 

Over  500,000 . 


Under  25,000 . 

25,000  and  under  50,000. . . 
50,000  and  under  150,000. . 
150,000  and  under  500,000. 
Over  500,000 . 


f  Under  100,000  .  500 

I  100,000  to  500,000 .  1,000 

(Over  500, 000  .  4,000 

/Under  500.000  .  3,000 

\  Over  500, 000  .  4,000 

/Under  500,000  .  5,000 

\  Over  500, 000  .  7,000 


Under  1,000,000  .  8,000 

Over  1,000,000 .  10,000 


Fee  determined  by  Order  in  Council 
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Table  II — Facilities  oi  Major  Countries. 


Country 

Operation 

Freqand 
Max  Power 
in  kw 

Number 

of 

Stations 

Number  of 
Receivers 

! 

1 

Notes  ] 

Afghanistan 

Government 

h-f  20 

4 

Planned  for  all  to  commence  in  1948  j 

China 

Government 

m-f  100 

62 

1 

h-f  35 

16 

Elngland 

Government 

1-f  200 

1 

11,233,500 

This  does  not  indude  tele  or  f-m. 

includes 

Synchronized  operations,  10  stations 

m-f  200 

53 

43,500  tele 

fromi  1  to  60  kw  in  one  ^up,  seven 

licenses  as 

groups  all  told,  mostlv  groups  of  2 

h-f  100 

31 

of  Feb.  1948 

stations.  One  group  consists  of  two 

• 

100-kw  stations.  Separate  license  re- 

^ired  for  car  radio 

France 

Government.  Also  com- 

m-f  100 

47 

8,000,000 

French  stations  suffered  extensive  dam- 

mercial  prewar.  Final 

approx 

age  when  the  Germans  retreated,  but 

policy  not  yet  definite 

includes 

reconstruction  progress  has  been  good 

estimated 

2,000,000 

1 

unregistered 

I  Germany 

• 

m-f  100 

6 

8,789,008 

Western  Allies  plans  are  for  eventual 

I  (American 

h-f  1  - 

3 

Nov.  1947. 

return  of  operations  to  Germans. 

1  2^ne) 

These  are 

These  exclude  occupation  recreational 

1  '  (British 

m-f  100 

6 

approx 

networks.  License  fees  of  2  marks 

1  Zone) 

h-f  25 

1 

figures 

monthly  are  imposed 

(French 

m-f  50 

5 

'  Zone) 

h-f  1 

1 

(U.  S.  S.  R. 

m-f  100 

9 

1  Zone) 

h-f  12 

1 

Holland 

Final  postwar  policy  un- 

1-f  100 

1 

1,424,318 

decided.  Prewar  adver- 

m-f  60 

7  ' 

includes 

tising  was  allowed 

h-f  40 

6 

492 , 046  relay 

subscribers 

Iceland 

Government,  but  about 

1-f  100 

1 

34,692 

Government  obtains  about  one  third  of 

30  min  of  time  daily  is 

m-f  1 

1 

its  income  from  advertising,  also  has 

sold  at  1  kroner  per 

h-f  1 

1 

full  powers  to  curb  interference  and 

word,  for  advertising 

assists  rural  districts  in  radio  upkeep 

Italy 

Advertising  2 . 89%  of 

m-f  100 

29 

1,900,000 

At  present  there  are  3  networks;  The 

total  programs 

h-f  50 

7 

Oct.  1947 

Red,  Blue,  and  Short-wave 

Japan 

Government  and  com- 

h-f  - 

New  plans 

Final  allocation  plans  now  being 

mercial,  similar  to  Aus- 

call  for 

worked  out 

tralia  and  Canada 

108 

Luxembourg 

Commercial 

1-f  150 

1 

42,468 

IJcense  fee  72  francs  (Belgian)  col- 

h-f  - 

1 

lected  annually  bv  postoffice.  Used 

for  anti-interference  work 

Norway 

Government  company 

m-f  100 

16 

566,000 

License  fees  average  20  kroner  annu- 

h-f  100 

ally;  where  reception  is  poor  reduced  to 

5 

5  kroner,  plus  tax  when  buying  re- 

ceivers.  Until  19 10  advertising  was 

carried.  The  company  assists  listeners 

by  providing  wind  chargers  where 

electric  power  is  not  available 

Poland 

— 

— 

675,000 

Dec.  1947 

. 

South  Africa 

Government 

m-f  10 

16 

Includes  Transvaal,  Cape  Division,  and 

h-f  2 

11 

Natal  Division.  Programs  in  English 

and  Afrikaans 

Spain 

Government 

m-f  200 

25 

h-f  40 

2 

Switzerland 

No  advertising.  Trans- 

m-f  100 

6 

922,9.59 

License  fee  is  20  francs.  Operation  of 

mitters  nm  by  one  or- 

the  radio  systems  is  in  accordance  with 

ganization,  studios  and 

h-f  100 

16 

47 

the  free  spirit  of  the  people  of  Switzer- 

pronnms  by  another — 

land 

both  semifederal 

Yugoslavia 

Government,  no  adver- 

m-f  20 

12 

200,000 

5  federated  republics  support  their 

tising 

individual  stations  bv  license  fees. 

h-f  - 

2 

Propaganda  use  to  all  parts  of  the 

• 

world  except  China  and  Japan.  N. 

1-f  50 

10 

America  lieam  completed  by  1951 

to  ensure  that  they  are  used  to  the  language.  The  Provisional  Fre-  international  list  of  frequencies  for 

best  advantage.  All  the  documents  quency  Committee  (CPF)  is  the  the  use  of  IFRB.  In  spite  of  these 

of  the  IFRB  are  written  in  English,  direct  result  of  the  Atlantic  City  agreements,  countries  have  been 

French,  Chinese,  Russian,  and  Convention,  and  met  at  Geneva  in  known  to  use  more  power  than  that 

I  Spanish,  with  French  as  the  official  January  1948  to  prepare  a  new  authorized,  or  to  jump  frequencies. 
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Fortunately  such  happenings  are 
relatively  rare. 

The  Canadian  system  of  broad¬ 
casting  is  very  similar  to  that  of 
the  United  States  in  that  it  allows 
private  commercial  broadcasting, 
but  it  also  has  its  own  government 
network  system  working  in  compe¬ 
tition  with  the  private  broadcast¬ 
ers.  The  Department  of  Transport 
is  the  regulatory  body  in  this  in¬ 
stance,  although  the  CBC  actually 
passes  on  the  applicants,  thus,  in 
effect,  controlling  its  own  competi¬ 
tion.  A  fact  which  may  have 
escaped  the  notice  of  a  large  num¬ 
ber  of  U.  S.  broadcasters  is  the 
license  fee  which  has  to  be  paid  for 
the  privilege  of  operating  a  com¬ 
mercial  broadcast  station.  This  fee 
ranges  from  $50  for  a  100-watt  sta¬ 
tion  to  $10,000  for  a  50-kw  station, 
as  seen  in  Table  I.  Plans  are  afoot 
to  increase  these  fees.  The  listener 
also  has  to  pay  a  fee  of  $2.50,  even 
in  areas  where  reception  of  CBC 
stations  is  impossible. 

The  United  States  side  will  be 
familiar  to  all  readers,  but  perhaps 
the  European  aspect  may  not  be. 
In  fact  the  writer  has  often  been 
amazed  by  the  many  times  engi- 
npers  have  asked  what  body  exists 
in  England  and  Europe  similar  to 
the  FCC.  In  each  case  the  answer 
is  none;  and  as  we  shall  proceed  to 
show,  the  need  for  a  similar  regula¬ 
tory  body  does  not  exist,  owing  en¬ 
tirely  to  the  different  approach 
towards  broadcasting. 

Human  nature  being  what  it  is, 
and  engineers  being,  by  virtue  of 
their  common  interest,  of  a  similar 
type,  it  is  only  natural  to  expect, 
and  to  find,  that  radio  has  prog¬ 
ressed  along  very  similar  lines  in 
most  countries.  An  advance  in  one 
phase  in  one  country  is  matched  by 
an  advance  in  the  same  field  in  the 
next,  and  so  on.  Although  individ¬ 
ual  differences  may  cause  slight 
changes  in  equipment  operation 
and  layout,  the  principles  of  con¬ 
struction  follow  somewhat  similar 
lines,  as  may  be  seen  in  some  of  the 
illustrations. 

Operational  Procedural 

As  a  result  of  engineering  paral¬ 
lels  one  might  expect  the  business 
procedures  and  principles  of  the 
various  nations  to  be  similar.  They 
are  not.  The  U.  S.  and  Canada 


have  somewhat  similar  operation, 
but  there  are  not  many  countries 
that  allow  commercial  broadcast¬ 
ing  by  private  companies ;  although 
wherever  the  U.  S.  influence 
is  felt,  a  trend  towards  commercial 
operation  is  noticed.  In  most  na¬ 
tions  of  the  world  radio  is  the  voice 
of  the  government,  and  is'  used  as 
a  propaganda  tool  by  the  party  in 
power. 

In  general  it  will  be  noticed  that 
the  majority  of  countries  do  not 
permit  sponsored  or  commercial 
broadcasting.  However,  a  few 
favor  limited  commercial  broadcast¬ 
ing  along  somewhat  similar  lines  to 
the  Canadian  system.  Generally 
speaking,  where  this  type  of  opera¬ 
tion  is  allowed,  the  government 
runs  the  broadcasting  system  and 
collects  the  revenue  from  it.  Re¬ 
ceiver  license  fees  are  collected  even 
where  sponsored  broadcasting  is 
the  rule.  As  far  as  the  writer  has 
been  able  to  ascertain,  such  is  the 
practice  in  every  country  except 
the  United  States  of  America.  In 
countries  where  commercial  broad¬ 
casting  is  allowed,  or  advertising  is 
accepted,  the  license  fees  are  some¬ 
times  used  for  improvement  of  the 
service  to  listeners. 

A  large  number  of  foreign  coun¬ 
tries  have  strict  laws  concerning 
the  use  of  apparatus  which  causes 
interference  to  radio  reception. 
And  in  these  countries  the  author¬ 
ities  are  empowered  to  trace  it 
down,  and  cause  the  owners  of  the 
offending  equipment  to  modify  it  at 
their  own  expense.  As  television 
becomes  more  and  more  general  in 
this  country,  it  appears  that  a  simi¬ 
lar  measure  may  have  to  be 
invoked. 

The  incidence  of  relay  exchanges, 
and  “wire  broadcasting”,  in  Europe 
and  other  countries,  is  much  greater 
than  is  generally  realized.  A  num¬ 
ber  of  factors  contribute  to  this, 
among  them  being  the  extremely 
poor  conductivities  in  many  of  the 
mountainous  countries  of  the  con¬ 
tinent,  the  lack  of  facilities  for  the 
domestic  construction  of  receivers, 
the  lack  of  money,'  either  by  the 
government  or  the  listeners  them¬ 
selves  for  providing  equipment,  and 
the  extremely  poor  reception  condi¬ 
tions  obtaining  in  many  places.  An 
example  is  the  Gold  Coast  of  West 
Africa,  where  for  five  shillings  a 


month  ($1)  a  loudspeaker  may  be 
leased  together  with  a  wire  con¬ 
nection  to  the  local  relay  exchange. 
This  is  an  ideal  provision  for  the 
inhabitants  and  well  within  their 
means.  In  many  parts  of  Europe 
high  and  medium-frequency  car¬ 
rier-current  systems  are  used  over 
power  and  telephone  lines.  Some 
of  these  relays  provide  only  the  pro¬ 
gram  of  the  national  station ;  others 
also  act  as  local  stations  and  pro¬ 
vide  programs  from  local  studies  in 
addition.  Of  course,  the  great  dis¬ 
advantage  of  all  these  systems  is 
the  dependency  on  a  physical  con¬ 
nection.  In  the  event  of  war  a 
large  part  of  the .  population  could 
be  denied  broadcast  intelligence  by 
a  few  skillful  saboteurs.  This  pos¬ 
sibility  is  particularly  true  of  Rus¬ 
sia  and  rnany  of  the  eastern  states 
of  Europe.  In  some  of  the  villages 
in  these  areas  only  one  loudspeaker 
and  receiver  is  available  for  per¬ 
haps  500  people. 

The  very  nature  of  the  terrain  in 
so  many  parts  of  Europe  is  an 
added  handicap.  A  glance  at  any 
map  will  show  large  areas  of  moun¬ 
tainous  country  where  reception  is 
extremely  poor.  In  view  of  these 
handicaps,  it  is  interesting  to  re¬ 
flect  on  the  large  number  of  high- 
power  stations  in  Europe.  High 
power  is  considered  to  be  60  to  500 
kw.  In  the  writer’s  opinion  there 
is  no  doubt  that  the  European 
answer  to  the  coverage  problem  is 
large-scale  synchronized  operation 
of  high-power  stations,  thus  pro¬ 
viding  a  nationwide  groundwave 
signal  from  nationally  operated 
transmitters.  Either  by  accident 
or  design,  the  local  station  and  pro¬ 
gram,  such  as  are  known  in  this 
country,  are  virtually  nonexistent. 
Possibly  it  is  by  design,  for  single 
sources  of  high-intensity  ground- 
wave  service  can  be  used  more 
effectively  with  one  propaganda 
program  to  influence  a  country  than 
a  number  of  small  stations  with 
varying  ideas  of  program  content. 

In  this  respect,  the  Balkan  coun¬ 
tries  are  the  worst  situated.  Con¬ 
ditions  of  low  income  per  capita  and 
scattered  population  combine  with 
extremely  mountainous  terrain  to 
present  a  very  difficult  problem. 
Very  rapid  attenuation  of  ground- 
wave  is  experienced  in  these  small 
countries  and  they  are  usually  too 
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small  to  utilize  skywave  for  night 
service. 

In  certain  countries  where  com¬ 
mercial  and  government  broadcast¬ 
ing  is  allowed,  operation  is  along 
rather  similar  lines  to  that  of  the 
CBG  and  the  private  broadcasters 
in  Canada.  For  example  in  pre¬ 
war  days.  Radio  Luxembourg  on 
232  kc  with  160  kw,  provided  an 
excellent  day  and  night  signal  to 
more  than  50  percent  of  Great  Bri¬ 
tain.  This  station  carried  limited 
conunercial  programs  in  English,  as 
well  as  programs  addressed  in  the 
national  tongue  of  Luxembourg. 
Other  stations  such  as  Radio  Paris, 
Radio  Lyons,  Toulouse,  Radio  Nor-  . 
mandie,  and  Hilversum  on  the 
medium-frequency  band,  carried 
sponsored  programs  for  both  home 
and  overseas,  that  is,  British  Isles 
consumption.  These  stations  en¬ 
joyed  a  popularity  equal  to  or 
greater  than  that  of  the  BBC  sta¬ 
tions,  especially  among  the  younger 
people  who  were  more  receptive  to 
the  dance  and  light  music  which 
formed  the  major  part  of  the  pro¬ 
grams.  The  International  Broad¬ 
casting  Company  programmed  some 
of  these  stations,  with  operation  by 
nationals  of  the  countries  in  which 
they  were  located. 

It  is  simpler  to  list  those  coun¬ 
tries  where  receiver  licenses  are  not 
required  than  to  list  those  requir¬ 
ing  one!  America  is  the  shining 
example  of  free  listening,  although 
the  principality  of  Monaco  with  its 
three  stations  is  likewise  untaxed. 
As  a  result  of  this  almost  universal 
imposition  of  license  fees,  a  fairly 
accurate  check  can  be  maintained  of 
the  number  of  listeners  throughout 
the  world.  It  is  not  difficult  to  eval¬ 
uate  illegal  operations.  In  1942, 
it  was  estimated  that  there  were 
400,000,000  listeners.  This  world 
total  can  be  broken  down  to  show 
29,393,000  radio  homes  in  the 
U.S.A.,  against  51,986,000  in  the 
whole  of  Europe  and  Russia.  The 
terrific  impact  of  radio  in  Europe 
is  only  now  commencing  to  be  felt 
and  as  more  sets  become  available 
great  mass  reactions  may  be 
expected. 

A  problem  peculiar  to  a  number 
of  European  countries,  and  one  with 
which  the  United  States  is  not 
faced,  is  the  provision  of  programs 
and  radio  services  to  colonies,  do¬ 


minions,  and  protectorates.  Some¬ 
times  this  service  is  achieved  by 
high-frequency  transmission  from 
the  mother  country  for  direct  re¬ 
ception,  relying  on  these  broadcasts  . 
to  combat  adjacent  country  propa¬ 
ganda  interference.  An  alternative 
is  to  build  local  stations  and  pro¬ 
gram  them  locally,  supplemented  by 
relays  from  home.  The  latter  is 
better,  for  it  insures  a  service  not 
dependent  on  the  ionosphere  layer, 
and  not  requiring  different  fre¬ 
quencies  for  different  times  of  day. 

Practically  every  European  coun¬ 
try  operates  at  least  one  low  fre¬ 
quency  transmitter  between  160 
and  285  kc  together  with  high  power 
up  to  200  kw.  This  combination 
usually  results  in  a  large  part  of 
the  population  receiving  a  fairly 
reliable  single  program  service. 
However,  secondary  service  has  to 
be  depended  upon  to  a  much  greater 
extent  than  it  is  in  America,  and  as 
a  result  relay  exchanges  are  num¬ 
erous  and  extremely  popular. 

Table  II  presents  a  brief  sum¬ 
mary  of  conditions  in  a  number  of 
countries.  A  breakdown  of  U.  S. 
broadcast  operations  is  given  in 
Table  III. 

European  Problems 

In  France  in  1944  there  were  ap¬ 
proximately  34  stations  under  gov¬ 
ernment  and  private  control.  At 
the  end  of  the  war  there  were  only 
five  of  any  considerable  power  re¬ 
maining.  At  present,  there  are  two 
countrywide  networks  known  as  the 
National  and  the  Paris  networks. 
Recently,  a  third  program  heard 
only  in  Paris  and  the  suburbs  has 
been  added.  This  program  may 


Table  III — Broadcast  Stations  in 
the  U.  S. 


.July  1. 

July  1, 

In- 

1917 

1918 

crease 

A-M 

1 ,79.'5 

2,031 

239 

F-M 

918 

1,020 

102 

Television 

66 

109 

13 

Television 

81 

121 

13 

(experi¬ 

mental) 

Educational 

.88 

16 

8 

Inter- 

37 

37 

0 

national 

Remote 

.883 

571 

(-12) 

Pickup 

Other 

33 

26 

(-') 

Totals 

3,551 

3,967 

116 

later  develop  into  a  third  network 
so  that  the  combination  will  prove 
similar  to  the  three  BBC  program 
services.  Thirteen  transmitters  in 
the  National  network  cover  about 
80  percent  of  the  population  and  ten 
in  the  Paris  network  provide 
coverage  of  66  percent.  Some  areas 
hear 'only  one  service. 

In  July  1947,  a  new  coaxial  cable 
was  put  into  operation  between 
Paris  and  Toulouse.  This  span  of 
approximately  490  miles  requires 
the  use  of  42  repeater  stations.  Un-  s 
fortunately,  no  details  are  yet  avail¬ 
able  concerning  its  frequency  re¬ 
sponse.  A  new  transmitter  with  a 
power  of  100  kw  operating  on  896 
kc  went  on  the  air  September,  1947, 
at  Lyons-Tramoyes,  and  it  is  be¬ 
lieved  this  is  the  first  new  one  to 
be  built  since  the  war. 

Before  the  war,  Italy  maintained 
three  networks  consisting  of  40 
stations  in  the  m-f-band  varying 
up  to  100  kw.  Nine  short-wave 
transmitters  used  power  up  to  100 
kw  for  broadcasts  to  Italian- 
dominated  territories. 

Belgium  provides  a  good  example 
of  the  dual  language  problem.  Be¬ 
fore  the  war  the  state  operated  two 
16-kw  transmitters  at  Brussels  pro¬ 
viding  programs  for  the  Walloons 
and  Flemings,  in  French  and  Flem¬ 
ish;  and  16  small  privately-owned  ' 
stations  carried  sponsored  pro¬ 
grams  for  local  and  regional  con¬ 
sumption.  Today,  Belgium  is  rap¬ 
idly  rebuilding  a  first-class  system 
out  of  the  ruin  left  by  the  war.  A 
1-kw  f-m  transmitter  on  100.1  me 
is  operating  at  Brussels,  with  two  | 
or  more  planned  for  Antwerp  and  ; 
Liege.  It  is  suggested  that  an  f-m 

j 

network  may  be  set  up  at  a  later 
date.  However,  this  does  not  affect 
in  any  way  the  instant ‘plans  for  a 
complete  a-m  network  providing 
nationwide  primary  service. 

Czechoslovakian  broadcasting  is 
governed  by  the  law  of  March  23, 
1923,  and  the  decree  of  February  8, 
1925.  These  reserved  to  the  State 
the  right  to  grant  concessions  to  the 
use  of  the  ether.  The  Ministry  of 
Post  may  grant  to  individuals  the 
right  to  operate  a  station,  but  there 
have  never  been  any  such  grants. 
The  Czechoslovakian  Broadcasting 
Company,  in  which  the  government 
holds  most  of  the  shares,  is  the  only 
source  of  broadcasting  in  the  coun- 
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Mexican  stations  XEW  and  XEWW,  showing  a  flat-top  transmitting  antenna  (RCA  photo) 


try.  Although  nominally  a  private 
company,  the  State  virtually  con¬ 
trols  its  operations.  About  1,600 
people  are  employed  and  the  organ¬ 
ization  is  administered  by  a  board 
of  three  members  in  Bohemia,  five 
in  Slovakia  and  the  Ministry  of 
Information.  There  are  approxi¬ 
mately  2,000,000  licensed  listeners 
‘in  the  country. 

Before  the  war,  the  Czechoslova¬ 
kian  radio  system  was  one  of  the 
best  in  Europe.  It  operated  eight 
stations,  ranging  up  to  120  kw  at 
Prague  I.  A  number  of  these  were 
destroyed  during  the  war,  but  they 
are  being  replaced  and  in  last  De¬ 
cember  a  new  one  of  100  kw  on 
1,204  kc  was  brought  into  operation 
near  Presov.  Incidentally,  it  is  a 
European  custom  to  identify  sta¬ 
tions  by  their  location  rather  than 
call  letters,  and  to  carry  it  a  step 
further,  when  two  or  more  are 
located  in  the  same  town,  they  are 
labeled  Prague  I,  Prague  II,  and 
so  on.  (This  would  be  a  little 
unwieldy  in  New  York!) 

At  the  time  of  writing,  Poland 
operates  nine  medium-frequency 
transmitters  and  one  low-frequency 
transmitter.  The  most  powerful 
of  these  is  Warsaw  I  with  50  kw  on 
758  kc.  Licensing  is  employed  as 
a  means  of  raising  money,  but  here 
it  is  rather  illuminating  to  note 
that  imprisonment  is  not  provided 
as  a  penalty  for  failing  to  register, 
as  in  most  countries,  but  a  fine  equal 


to  six  months’  license  fee  is  im¬ 
posed.  The  normal  license  fee  is 
paid  monthly,  and  is  graded  accord¬ 
ing  to  the  size  of  the  receiver,  and 
the  class  of  the  owner,  peasants, 
workers,  clerks,  pensioners,  and 
military  paying  from  half  to  two- 
thirds  less  than  “other  persons.” 

Polskie  Radio,  the  official  name  of 
the  organization,  maintains  a  tech¬ 
nical  section  which  assists  listeners 
in  assembling  or  installing  receiv¬ 
ers.  At  the  end  of  1947  there  were 
about  600,000  subscribers  to  wire 
broadcasting  service.  Special  im¬ 
portance  is  attached  to  these  in¬ 
stallations  in  mining  areas  and  it 
is  intended  thus  to  service  ten  large 
industrial  centers  in  Silesia,  where 
reception  conditions  are  extremely 
poor. 

Radio  in  Russia  is,  of  course,  a 
government  service.  The  existence 
of  two  hundred  different  peoples  in 
the  Union,  the  extreme  poverty  of 
a  large  part  of  the  population,  and 
enormous  areas  to  be  covered  all 
serve  to  direct  radio  towards  group¬ 
listening  practices.  There  were 
approximately  90  stations,  one  more 
than  there  were  a-m  stations  in 
New  York  State,  and  39  less  than  in 
California,  at  the  end  of  1947.  The 
principal  station,  Moscow-Komin- 
tern,  has  a  power  of  500  kw;  eleven 
others  have  100  kw  each.  The  exact 
number  of  shortwave  stations  for 
the  Asiatic  regions  of  the  U.S.S.R. 
is  not  known  since  reports  vary,  but 


well  over  50  frequencies  are  used. 

Radio  reception  in  this  tremend¬ 
ous  area  varies  from  place  to  place, 
but  on  the  whole,  conductivity  is  on 
the  low  side.  To  assist  dissemina¬ 
tion  of  programs  a  system  of  relay 
exchanges  distributing  the  national 
program  by  wire  was  set  up.  In 
1937  there  were  7,000  of  these  ex¬ 
changes,  and  by  now  there  must  be 
many  more.  They  are  similar  in 
effect  to  United  States  local  sta¬ 
tions,  except  that  they  carry  one- 
party  propaganda  only,  and  on  a 
public-address  basis. 

Whenever  radio  men  from  differ¬ 
ent  countries  get  together  the  con¬ 
versation  eventually  turns  to  spon¬ 
sored  versus  government  radio. 
Without  considering  the  merits  of 
the  case,  the  popularity  of  the ' 
American  system  is  attested  by  the 
fact  that  last  year  a  British  com¬ 
pany  offered  300,000  crowns  to  the 
Danish  Government  to  be  allowed  to 
put  a  transmitting  station  on  the 
Faroe  Islands.  When  this  offer  was 
turned  down,  the  offer  was  in¬ 
creased  to  a  figure  of  half  their 
annual  profits.  So  far  as  the  author 
is  aware,  a  decision  has  not  yet 
been  reached. 
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Crystal  transducsr  ssarching  unit 


Wall  thickness  readings  chalked  in  at  Torious  points  on  surface  of  hollow  propeller 


indications  on  the  instrument.  Ec¬ 
centricity  of  bore  can  also  be  meas¬ 
ured  quickly  and  easily.  Other  ap¬ 
plications  are  the  testing  of  knife 
blades  made  of  several  sections 
bonded  together,  and  of  shell  cases 
for  separations  within  their  wall 
sections. 

Ultrasonic  Principles 

Ultrasonic  waves  commonly  used 
in  testing  or  gaging  can  be  defined 
as  sound  or  vibrational  waves  of 
very  high  frequency  ranging  be¬ 
tween  100  kilocycles  and  10  mega¬ 
cycles.  For  purposes  of  measure¬ 
ment,  they  may  be  considered  to 
travel  through  a  material  with  a 
fixed  velocity  that  depends  in  a  com¬ 
plex  way  upon  the  density  and  elas¬ 
ticity  of  the  material. 

The  tables  give  experimental 
velocities  and  wavelengths  for  ultra¬ 
sonic  waves.  Such  waves  are 
strongly  reflected  by  an  interface 
and  will  ordinarily  return  toward 
the  source  which  produces  them. 
Standing  wave  patterns  are  set  up 
in  the  manner  of  electrical  waves; 
the  patterns  are  determined  by  the 
dimensions  of  the  medium  of  travel 
and  by  frequency.  The  ultrasonic 
gage  indicates  the  frequencies  at 


ULTRASONIC  METHODS  are  being 
successfully  applied  to  the 
testing  of  materials,  using  various 
instruments.^  One  of  these  is  the 
Reflectogage,  based  upon  the  prin¬ 
ciples  used  in  the  Sonigage*  orig¬ 
inally  developed  by  General  Motors. 

This  device  utilizes  electronic 
methods  of  generating  and  receiv¬ 
ing  ultrasonic  waves  which  are 
transmitted  through  the  article 
under  test.  These  waves  are  re¬ 
flected  within  the  material  either  by 
its  opposite  side  or  by  a  flaw  or  dis¬ 
continuity,  so  that  the  thickness  of 
most  parts  can  be  measured  or  the 
presence  of  flaws  indicated.  The 
accuracy  of  measurement  can  be 
made  almost  as  great  as  the  oper¬ 
ator  desires  but  in  an  ordinary  com¬ 
mercial  instrument  such  as  the  one 


described  it  is  approximately  2  per¬ 
cent  of  the  thickness  of  the  part, 
regardless  of  what  the  thickness 
may  be. 

Parts  ranging  from  a  few  thou¬ 
sandths  of  an  inch  to  four  inches 
thick  can  be  measured  by  variations 
of  the  basic  method.  The  present 
commercial  instrument  reads  di¬ 
rectly  in  the  range  from  0.026  to 
0.300  inch  in  steel  and  measures  up 
to  4  inches  by  harmonic  methods. 
It  measures  the  thickness  of  mate¬ 
rial  forming  pipes,  tanks,  and  ves¬ 
sels  which  can  only  be  reached  from 
one  side  of  the  wall.  Such  measure¬ 
ments  were  formerly  made  by  drill¬ 
ing  a  hole  and  reading  the  thickness 
by  mechanical  means. 

Not  only  metals  but  glasses  and 
certain  plastics  can  be  measured. 
The  use  of  the  instrument  is  par¬ 
ticularly  valuable  in  cases  where  the 
material  is  formed  into  a  closed 
vessel  or  long  tube.  For  example, 
hollow  propeller  blades  are  being 
widely  tested  at  present.  It  was 
formerly  impossible  to  measure 
these  sections  by  any  known  means. 
Lack  of  bond  between  similar  or  dif¬ 
ferent  materials  can  also  be  indi¬ 
cated  either  by  changes  in  the  am¬ 
plitude  or  in  the  location  of  the 
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FIG.  1 — Block  diagram  of  oquipmont 
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FIG.  2 — Motor-driTen  capacitor  for  rariable-irequency  oscillator.  Contactor  for  initiating  sweep  is  shown  in  detail  at  left 
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which  resonances  take  place.  Be¬ 
cause  the  velocity  of  travel  is  fixed, 
this  action  is  equivalent  to  measur¬ 
ing  the  thickness  of  the  medium, 
and  the  instrument  may  therefore 
be  directly  calibrated  in  thickness. 

The  operation  of  the  fnstrument 
depends  upon  the  fact  that  the 
amount  of  energy  required  to  drive 
a  system  varies  with  its  dimensions, 
— that  is,  resonances  occur  when 
ultrasonic  wavelength  has  a  specific 
relation  to  the  thickness  of  the  part 
and  at  this  point  there  is  a  great 
increase  in  the  vibration  of  the  wall 
being  measured.  As  a  result,  the 
plate  current  in  the  driving  oscil¬ 
lator  increases  sharply.  Any  part 
can  be  put  into  such  resonance  de¬ 
pending  on  its  dimensions,  elastic 
characteristics,  and  density. 

•  The  lowest  frequency  at  which 
resonance  occurs  is  called  the  funda¬ 
mental;  and  subsequent  ones,  har¬ 
monics.  The  frequency  deviation 
between  any  two  consecutive  har¬ 
monic  frequencies  is  equal  to  the 
fundamental.  Therefore,  when 
either  the  fundamental  or  the  dif¬ 
ference  between  two  consecutive 
harmonics  is  known,  the  thickness 
(T,  in  inches)  is  determined  by  the 
relation  T  =  S/f 


where  S  is  half  the  velocity  of 
sound  in  inches  per  second,  and  /  is 
the  frequency  in  cycles  per  second. 
For  steel  this  becomes 

T  =  121,000// 

Harmonic  indications  can  be  di¬ 
rectly  used  to  calculate  thickness 
from  the  relation 

T  =  -  R,) 

where  R,  and  R^  are  thickness  read¬ 
ings  of  any  two  successive  indica¬ 
tions  and  Rt  is  thicker  than  Ru 

It  should  be  noted  that  the  thick¬ 
ness  is  read  over  a  small  area  di¬ 
rectly  under  the  crystal.  When  the 
thickness  varies  sharply  within  that 
section,  readings  cannot  be  ob¬ 
tained.  However,  satisfactory  re¬ 
sults  can  be  obtained  even  where  a 
liquid  or  solid  is  contained  against 
the  reflecting  surface. 

Most  materials  transmit  ultra¬ 
sonic  waves  well*  and  can  therefore 
be  measured.  However,  this  is  not 
'  true  for  materials  which  have  very 
high  internal  damping  or  absorp¬ 
tion.  Most  metals  are  in  the  first 
class,  and  each  dilferent  material 
requires  a  separate  calibration 
screen  for  use  with  the  instrument. 
Alloys  in  which  velocities  vary 
greatly  also  require  separate 
screens. 


In  cases  where  the  medium  under 
test  is  not  electrically  conducting,  a 
metallic  face  must  be  placed  over  the 
front  of  the  crystal  search  unit  so 
that  a  suitable  ground  return  can 
be  made  to  the  instrument.  The 
interface  between  the  crystal  and 
work  will  interrupt  the  passage  of 
ultrasonic  waves  unless  it  is  filled 
in  with  some  form  of  couplant  such 
as  transformer  oil. 

It  is  also  important  that  the  sur- 


Table  I — Velocities  in  Common 
Materials 


Material  ' 

Velocity  in 
cm  j)er  sec  X  10* 

Air . 

0.331 

Alcohol . 

1.11 

Aluminum . 

6.22 

Bakelite . 

2  39 

Brass . 

4.  13 

Copper . 

1.62 

Glass . 

1.9-5. 9 

Lead . 

2.13 

Magnesium . 

2.33 

Merciu^ . 

1.16 

Nickel . 

5.6 

Polystyrene . 

2.67 

Quartz . 

5.75 

Steel . 

5.81 

Transformer  oil . . . 

1.39 

Water . 

1. 13 

face  of  the  part  be  fairly  smooth; 
In  general,  most  metallic  surfaces 
are  satisfactory  or  can  be  made  so 
with  a  hand  grinder.  The ’back  or 
reflecting  surface  must  be  smooth 
for  if  it  is  very  badly  pitted,  the 
energy  is  scattered. and  it  becomes 
difficult  to  make  satisfactory  read¬ 
ings.  However,  measurement  can 
sometimes  be  made  even  when  the 
reflecting  surface  is  pitted  by  limit¬ 
ing  the  crystal  to  a  small  area. 

The  thickness  of  curved  sections 
can  also  be  measured.  When  the 
curvature  is  not  great,  flat  crystals 
will  give  satisfactory  indications. 
In  other  cases,  crystals  ground  to  fit 
the  curved  surface  are  necessary. 

Electronic  Principles 

In  a  simple  instrument  of  the 
resonance  type,  an  oscillator  with  a 
milliammeter  in  its  plate  circuit 
might  be  used.  A  manually  tuned 
variable  capacitor  can  be  slowly 
turned  and  the  meter  watched  for 
changes  in  plate  current.  The  thick¬ 
ness  of  a  known  part  is  calibrated 
against  current  dips  and  calibra¬ 
tions  marked  on  a  suitable  tuning 
knob.  Unknown  parts  can  then  be 
checked  and  the  thickness  read  di¬ 
rectly  from  the  knob.  This  type  of 
device  would  prove  inconvenient  be¬ 
cause  each  successive  test  requires  a 
laborious  readjustment  of  the  in¬ 
strument  before  a  reading  can  be 
taken. 

A  block  diagram  of  the  Reflecto- 
gage  is  shown  in  Fig.  1.  It  is  an 
entirely  automatic  instrument,  com¬ 
prising  a  variable-frequency  oscilla¬ 
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FIG.  3 — Harmonic  >p«ctrum  for  steel  piece  0.300-inch  thick.  Dashed  and  solid  circles 
show  indications  for  two  dUierent  modes  of  operation 


tor  whose  frequency  is  swept  by 
hieans  of  a  motor-driven  capacitor, 
a  sweep  generator,  an  electronic 
sweep  amplifier  and  signal  amplifier, 
an  indicator  in  the  form  of  a 
cathode-ray  tube,  and  a  searching 
unit. 

The  oscillator  produces  electrical 
variations  that  are  impressed  across 
the  crystal  search  unit.  The  rota¬ 
tion  of  the  tuning  capacitor  contin¬ 
ually  changes  the  frequency  of  os¬ 
cillation  throughout  an  optional  tun¬ 
ing  range.  The  same  mechanical 
device  also  contains  a  contactor  or 
switch  unit  for  producing  a  sweep 
voltage  by  discharging  a  capacitor 
through  a  resistor.  This  contactor, 
shown  at  the  left  of  Fig.  2,  is  so 
adjusted  that  it  fires  the  cathode- 
ray  sweep  at  the  beginning  of  each 
successive  variation  in  frequency, 
that  is,  at  the  high-frequency  end 
of  the  range,  and  the  cathode-ray 
beam  is  swept  horizontally  across 


the  screen  once  for  each  revolution 
of  the  capacitor.  As  a  result,  each 
point  along  the  beam  corresponds 
to  a  particular  frequency  of  oscilla¬ 
tion.  The  scale  is  then  calibrated 
in  thickness  for  the  parts  under 
test,  increasing  from  left  to  right. 
As  energy  is  returned  from  the 
part,  variations  in  the  voltage 
across  the  crystal  and  across  the 
amplifier  cause  the  beam  to  be  de¬ 
flected  vertically.  These  pips  are 
the  thickness  indications. 

If  the  oscillator  were  adjusted  so 
that  it  operated  over  a  very  wide 
range  the  indications  received 
would  look  like  those  in  Fig.  3.  How¬ 
ever,  in  ordinary  use  it  is  convenient 
to  limit  the  range  so  that  only  one 
marker  or  pip  is  received.  This 
pip  indicates  a  resonance  in  the 
material  and  although  it  may  not  be 
a  fundamental,  the  range  is  ordi¬ 
narily  chosen  so  that  it  is.  The  in¬ 
strument  can  be  operated  at  almost 
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FIG.  4 — Schematic  circuit  diagram  of  the  Reilectogage.  CouTentional  power  supplies  ior  plates  and  scope  hare  been  omitted 
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FIG.  5— Typical  Tlaual  dltployi:  (A)  iwevp  without  thicknou  indication;  (B)  fundomontol  thicknoM  indication;  (C)  har¬ 
monic  indications 


any  convenient  frequency  by  sub¬ 
stituting  plug-in  coils,  but  it  is 
basically  a  4-range  unit.  Range  1 
is  0.025  to  0.050  in.,  Range  2  is 
0.045  to  0.090  in..  Range  3  is  0.080 
to  0.160  in.,  and  Range  4  is  0.150  to 
0.300  in.  A  total  frequency  range 
from  400  kc  to  5  me  is  required. 


Crystal  Transducer 

The  energy  produced  by  the  elec¬ 
tronic  oscillator  is  impressed  across 
the  X-cut  quartz  crystal,  illustrated, 
which  transforms  the  electrical  volt- 
•  age  into  longitudinal  physical  vibra¬ 
tions.  This  crystal  is  usually  either 
i  or  1  inch  in  diameter  and  mounted 
in  a  spring  holder  so  that  it  fs  al¬ 
ways  supported  at  a  fixed  pressure 
against  the  work.  The  ultrasonic 
waves  then  travel  perpendicular  to 
the  face  of  the  crystal  and  are 
essentially  limited  in  their  cross- 
sectional  coverage  to  a  projection 
of  the  crystal  face.  The  part  of  the 
work  tested  is  therefore  only  that 
directly  under  the  crystal  and  the 
instrument  does  not  in  any  way 
integrate  thickness  readings  over 
considerable  areas. 

The  crystal  resonance  frequency 
is  chosen  to  be  somewhat  greater 
than  the  highest  frequency  of  elec¬ 
trical  oscillation  employed  in  that 
range  so  that  the  output  is  essenti¬ 
ally  constant  and  spurious  crystal 
resonances  do  not  appear  as  indica¬ 
tions  on  the  sweep. 


Circuit  Details 
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Table  II — Wavelengths  in  Centimeters  in  Common  Materials 


Frequency  in  megacycles 

Material 

0.5 

1 

2.25 

5 

Air . 

0.0688 

0.0344 

0.0153 

0.00688 

AJuminuni . 

1.244 

0.622 

0.277 

0.124 

Bakelite . 

0.518 

0.259 

0.115 

0.0518 

Brass . 

0.886 

0.443 

0.1% 

0.0886 

Copper . 

0.924 

0.462 

0.206 

0.0924 

Glass . 

1.040 

0.520 

0.231 

0.104 

Lead . 

0.426 

0.213 

0.0947 

0.0426 

Mercury . 

0.284 

0.142 

0.0632 

0.0284 

Polystyrene . 

0.534 

0.267 

0.119 

0.0.534 

Quartz . 

1.150 

0.575 

0.255 

0.115 

Steel . 

1.162 

0.581 

0.259 

0.116 

Transformer  oil . 

0.278 

0.139 

0.0618 

0.0278 

Water . 

0.290 

0.145 

0.0645 

0.0290  j 

The  oscillator  output  is  connected 
to  a  vacuum-tube  amplifier  as  shown 
in  Fig.  4.  The  variations  in  plate 
current  are  separated,  amplified, 
and  finally  displayed  on  the  cathode- 
ray  tube.  The  actual  variations  in 
plate  current  range  from  2  to  ap¬ 


proximately  25  percent.  The  pips 
produced  may  be  from  i  inch  to  3 
or  4  inches  in  height  but  the  instru¬ 
ment  is  ordinarily  operated  with  the 
markers  about  i  inch  high  to  give 
a  clean  base  line  and  sharp  vertical 
indications. 

The  general  shape  of  the  voltage 
variation  in  the  plate  circuit  is  that 
of  a  resonance  curve  and  is  there¬ 
fore  not  so  sharp  as  is  desirable  for 
indicating  purposes.  The  signal  is 
therefore  differentiated  by  a  series 
of  filters  and  appears  on  the  face  of 
the  tube  as  a  sharp  increase  fol¬ 
lowed  by  an  equally  sharp  decrease 
of  voltage.  The  point  at  which  the 
changeover  from  increase  to  de¬ 
crease  occurs  is  the  one  at  which 
^thickness  is  ordinarily  calibrated. 

Calibration  is  carried  out  by  plac¬ 
ing  over  the  face  of  the  cathode-ray 
tube  a  transparent  plastic  screen  on 
which  vertical  lines  are  inscribed 
for  various  thicknesses.  A  different 
screen  must  be  used  for  each  mate¬ 
rial  and  also  for  each  range  of  fre¬ 
quencies.  Additional  screens  could 


be  made  for  operating  at  harmonic 
frequencies. 

The  appearance  of  the  final  signal 
may  be  more  completely  visualized 
from  Fig.  5,  in  which  the  cathode- 
ray  trace  without  resonance  signal 
is  shown  at  A;  B  is  the  trace  with 
a  single  fundamental  indication; 
and  C  illustrates  the  appearance  of 
the  trace  with  several  harmonic 
indications.  In  B  the  thickness  of 
the  part  is  within  the  range  of  fre¬ 
quencies  for  which  the  instrument 
produces  fundamental  oscillations. 
At  C  the  thickness  of  the  part  is 
much  greater  than  the  maximum 
fundamental  possible  on  that  range. 

Work  connected  with  the  instru¬ 
ment  was  carried  out  with  the  aid 
of  W.  Doniger  and  T.  C.  Nehrbas. 
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FIG.  1 — Component  partg  (1.  3,  4.  5,  6,  7)  and  metal  assembly  ii?  (2)  of  a  hermetically  sealed  octal  socket 
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FIG.  2 — Top  and  bottom  riews  of  assembled  nine-pin,  octal  and  seren-pin  hermetically 

sealed  sockets 


CONSIDERABLE  EFFORT  has  been 
expended  during  and  since  the 
end  of  the  war  by  numerous  labora¬ 
tories  attempting  to  devise  means  of 
protecting  electronic  equipment  in 
use  against  numerous  deleterious 
environmental  factors  such  as  high 
humidity,  fungus  growth  and  salt 
water  spray.  The  Ordnance  Re¬ 
search  Laboratory  of  the  Pennsyl¬ 
vania  State  College,  which  is  inter¬ 
ested  in  electronic  developments  for 
the  U.  S.  Navy,  has  designed  her¬ 
metically  sealed  plug-in  units,  as¬ 
semblies  and  complete  devices. 

By  utilizing  the  components  and 
techniques  to  be  described  it  has 
been  found  possible  to  seal  hermetic¬ 
ally  an  entire  electronic  chassis  as 
well  as  subassemblies  and  compo¬ 
nents.  By  so  doing,  the  major  prob¬ 
lems  of  protection  of  electronic 
equipment  during  storage,  ship¬ 
ment  and  use  against  high  humidity, 
fungus  growth  and  salt-water  spray 
have  been  solved.  The  servicing 
problem  has  been  greatly  alleviated 
by  the  use  of  hermetically  sealed 
plug-in  components.  In  the  case  of 
more  complex  devices,  the  servicing 
problem  has  been  further  simplified 
by  the  use  of  hermetically  sealed 
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item.  Pin  receptacles,  4,  are  made 
from  beryllium-copper  rod  which 
has  been  drilled,  slit  and  silver- 
plated. 

•  In  assembly,  the  metal  insert,  2, 
is  placed  in  the  shell  to  locate  the 
terminals  while  they  are  being 
soldered  to  the  shell.  Items  3  and  4 
are  assembled  and  inserted  into 
items  1  and  2  along  with  the  appro¬ 
priate  solder  rings  as  shown. 

The  entire  assembly,  7,  is  pre¬ 
heated  and  then  immersed,  with  the 
aid  of  appropriate  jigs,  in  a  bath  of 
Crisco  for  approximately  30  seconds 
at  a  temperature  of  550  F. 

The  socket  terminals  are  suffi¬ 
ciently  flexible  to  account  for  pin 
location  variations  from  tube  to 
tube.  This  is  accomplished  by  slit¬ 
ting  the  terminal  and  by  using  a 
flexible  lead-through  insulator.  The 
magnitude  of  the  connector  dis¬ 
placement  is  limited  by  the  poly¬ 
styrene  spacer,  5.  In  assembly,  the 
split  ring,  6,  is  held  tightly  in  the 
groove  around  the  circumference  of 
the  spacer.  The  spacer  and  ring  are 
inserted  in  the  socket  and,  when 
seated,  the  ring  expands  into  a 
groove  in  the  shell. 

The  miniature  sockets  are  assem¬ 
bled  similarly  except  for  a  center 
shield  pin  screwed  into  the  shell. 

Plug-in  Components 

Certain  electronic  circuits  and  de¬ 
vices  are  most  usefully  constructed 
in  the  form  of  separate,  hermetic¬ 
ally  sealed  components  which  may 
be  plugged  into  larger  assemblies. 
Figure  3  illustrates  a  hermetically 
sealed  plug-in  oscillator  tuner  cir¬ 
cuit.  This  circuit  is  plugged  into  a 
hermetically  sealed  octal  socket  so 
that  it  may  be  removed  from  the 
larger  unit  without  affecting  its 
seal.  The  components  of  the  tuned 
circuit  are  vacuum  potted  in  a  can 
with  a  hermetically  sealed  header. 
The  potting  process  is  used  pri¬ 
marily  for  mechanical  strength 
since  potting,  by  itself,  does  not 
form  a  satisfactory  hermetic  seal. 
The  assembly  is  fastened  to  the 
larger  units  by  screws  through  the 
two  lugs.  The  screws  fit  into  sealed 
studs. 

Figure  4  shows  an  entire  elec¬ 
tronic  subassembly  which,  in  turn, 
is  plugged  into  a  larger  unit  which 
may  or  may  not  be  hermetically 
sealed.  Coil  assemblies,  tubes  and 


FIG.  4 — Two-tube  sealed  •ubossembly 
that  plugs  into  a  larger  chassis 


FIG.  3 — Plug-in  oscillator  tank  circuit 
using  the  sealed  construction 


Sealed  plug-in  units  such  as  tubes  and  sockets,  transformers, 
relays,  capacitors  and  tuned  circuits  are  utilized  in  con¬ 
struction  of  subassemblies  and  complete  chassis  that  are 
also  hermetically  sealed  to  provide  protection  against  high 
humidity,  salt-water  spray  and  fungus  growth 


and  examples  of  the  resulting 
sockets  appear  in  Fig.  2.  Use 
of  these  sockets  results  in  a  gas 
and  vapor  seal  of  the  chassis  in¬ 
terior  relative  to  its  exterior.  The 
sealing  is  accomplished  by  means  of 
glass  and  metal  surfaces,  with  all 
materials  exposed  to  the  exterior  so 
chosen  as  to  avoid  surface  condensa¬ 
tion  leakage  paths  when  exposed  to 
humid  atmospheres. 

In  mounting,  a  hole  which  is  just 
large  enough  to  permit  entry  of  the 
socket  body  is  punched  in  the 
chassis.  The  latter  must  be  hot  tin 
dipped  to  permit  soldering.  The 
socket  is  then  placed  in  the  hole 
and  is  supported  therein  by  a  pro¬ 
tuberance  at  the  top  of  the  octal 
socket  and  near  the  center  of  the 
miniature  sockets.  The  socket  is 
then  soldered  into  place  with  a 
solder  ring  and,  if  desired,  by  cy- 
jindrical  soldering  irons  designed 
for  this  purpose.  The  portions  of 
the  miniature  socket  shells  above 
the  chassis  surface  fit  standard 
shields. 

Hermetically  sealed  tube  sockets  As  shown  in  Fig.  1,  the  socket 

for  octal  and  seven  and  nine-pin  body  is  a  hot  tin  dipped  brass  shell, 

miniature  types  are  made  up  from  item  1.  The  feed-through  insula- 

the  components  shown  in  Fig.  1,  tors,  3,  are  a  standard  commercial 


plug-in  subassemblies  which,  in 
themselves,  may  generally  be  so 
constructed  as  to  be  simple  to  test. 

For  relatively  simple  electronic 
devices  all  of  the  critical  or  high 
impedance  circuits  have  been  placed 
in  one  chassis,  the  entire  chassis 
then  being  hermetically  sealed. 
More  complex  devices  have  been 
broken  into  subassemblies  which  are 
in  themselves  constructed  in  plug-in 
type  hermetically  sealed  containers. 
In  either  case  the  maintenance 
and/or  servicing  procedure,  aside 
from  replacement  of  tubes,  trans¬ 
formers,  relays  and  other  standard 
hermetically  sealed  components,  in¬ 
volves  the  replacement  of  the  entire 
hermetically  sealed  chassis  or  sub- 
assembly  in  case  of  electrical  or  me¬ 
chanical  failure.  By  utilizing  this 
construction,  the  problems  of  pro¬ 
tection  against  humidity,  fungus 
growth  and  salt-water  spray  may 
also  be  satisfactorily  taken  care  of 
by  proper  choice  of  materials. 

Sealed  Sockets 
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Resistor  boards  are  fastened  to 
the  walls  of  the  main  assembly  and 
held  in  place  by  rivets  which  are 
peened  so  as  to  fill  an  indentation  in 
the  assembly  wall  around  the  rivet 
hole.  The  rivet  is  soldered  to  the 
assembly  wall  so  that  a  smooth  ex¬ 
terior  assembly  wall  surface  is  ob¬ 
tained.  '  A  hygrometer  unit  is  per¬ 
manently  mounted  in  a  corner  of  the 
chassis.  Final  sealing,  ’  except  for 
two  1/32-inch  diameter  holes  in  the 
side  walls  of  the  chassis,  is  accom¬ 
plished  by  placing  a  fiat  metal  plate 
over  the  bottom  of  the  chassis  and 
flowing  solder  around  its  edge  in 
contact  with  the  chassis  lip. 

Sealing  Procedure 

As  would  be  expected,  it  is  neces¬ 
sary  to  dry  out  the  interior  of  the 
chassis  before  making  the  final  seal. 
The  metallic  surfaces,  and  some 
component  surfaces,  are  covered  by 
an  adsorbed  layer  of  water  vapor 
which  must  also  be  removed. 

tronic  equipment,  as  far  as  con-  In  drying  a  chassis  before  final 
densed  moisture  is  concerned,  when  sealing,  the  entire  chassis  is  placed 
the  equipment  is  operated  at  tern-  in  a  heater  where  it  is  maintained 
peratures  as  low  as  —60  F.  Conse-  at  a  temperature  of  130  F  for 
quently,  commercial  hygrometers  about  thirty  minutes.  Dry  air  from 
have  been  chosen  to  operate  over  a  commercial  air-drying  unit  is  then 
the  relative  humidity  range  of  five  forced  into  the  chassis  through  one 
to  ten  percent.  of  the  1/32-inch  holes  left  in  the 

An  electronic  chassis  comprising  chassis  sidewalls.  This  flushing 
a  test  set  for  other  electronic  equip-  process  is  continued  until  the 
ment  will  be  described  to  illustrate  hygrometer  has  indicated  a  relative 
the  use  of  hermetically  sealed  com-  humidity  of  six  percent  or  less  for 
ponents  in  a  large  assembly.  All  at  least  one-half  hour.  At  this  time 
components  except  low-impedance  the  two  1/32-inch  holes  are  solder 
circuits  and  power  switches  are  closed  while  the  chassis  remains  in 
mounted  in  a  standard  chassis  box  the  drying  oven.  The  sealing  proc- 
which  is  hermetically  sealed.  ess  is  then  complete. 

With  all  top  components  removed  This  type  of  construction  should 
It  has  been  found  desirable  to  from  the  chassis  (Fig.  5),  it  is  evi-  be  of  use  in  geophysical  prospecting, 
incorporate  an  electric  hygrometer  dent  that  construction  is  quite  dif-  airborne  and  many  other  services 
in  large  assemblies  involving  many  ferent  from  usual.  The  transformer  where  electronic  devices  are  sub¬ 
solder  seals.  It  is  also  useful  for  leads  are  fed  through  an  hermetic-  jected  to  humid  atmospheres, 
preproduction  tests  of  smaller  sub-  ally  sealed  octal  socket  and  the  fungus  growth  and  other  deleterious 
assemblies.  transformer  is  fastened  to  *  the  conditions. 

The  hygrometer  unit  is  installed  chassis  with  the  aid  of  screws  and  We  wish  to  acknowledge  the  as- 
inside  the  assembly  to  be  sealed,  hermetically  sealed  studs.  Similar  sistance  rendered  in  this  work  b3i 
One  of  its  terminals  is  connected  to  mountings  are  used  for  the  relay,  Dr.  F.  W.  Dunmore  of  the  National 
the  chassis  ground  while  the  other  the  electrolytic  capacitor  and  the  Bureau  of  Standards  who  so  kindlj 
is  connected  to  a  lead-through  sealed  tuned  circuits.  Low-impedance  and  furnished  information  concerning 
terminal.  The  hygrometer  is  used  power  leads  are  fed  through  the  the  procurement  of  suitable  hy- 
to  check  the  drying  process  and,  in  sealed  lead-through  terminals.  The  grometers.  Professor  E.  R.  Queei 
larger  units,  further  permits  easy  remaining  sockets  are  for  tubes  and  of  the  Pennsylvania  State  College 
checking  of  the  seal  during  the  life  are  also  hermetically  sealed.  Engineering  Experiment  Statioi 

of  the  assembly.  All  components  are  soldered  into  contributed  many  helpful  sugges 

A  relative  humidity  of  six  per-  place  before  final  assembly  by  sol-  tions  concerning  proper  methods  ol 
cent,  measured  at  130  F,  results  in  der  rings  and  cylindrical  soldering  hermetic  sealing  and  dehumidify 
satisfactory  operation  of  most  elec-  irons.  ing. 


FIG.  5 — Complete  chauis  before  wiring.  Connections  to  all  major  components  are 
made  through  octal  sockets 

other  sealed  components  which  may 
require  replacement  are  connected 
to  the  subassembly  by  means  of  the 
hermetically  sealed  sockets.  The 
assembly  is  connected  to  the  main 
unit  through  an  hermetically  sealed 
connector. 

In  case  of  failure,  aside  from 
tubes,  coil  assemblies,  or  similar 
plug-in  units,  the  entire  subassem¬ 
bly  is  replaced  by  a  new  unit.  Thus, 
special  packaging  of  spare  units  is 
avoided,  and  the  circuit  in  the  sub- 
assembly  can  usually  be  tested  by 
relatively  simple,  perhaps  plug-in, 
test  equipment. 


Hygrometer  Indicator 
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Road-Testing  Gasoline 


Electronic  spark-advance  indicator  and  tachometer  provide  a  method  of  rating  gasoline 
throughout  the  entire  speed  range,  instead  of  at  two  speeds  as  is  usually  done  in  octane 

number  determination 


ometer  is  not  ordinarily  accurate 
enough  for  this  type  of  work  any¬ 
way,  an  engine-rpm  indicator  is  de¬ 
sirable. 

It  is  necessary  to  know  how  far 
from  top-dead-center  the  spark 
plugs  fire,  in  degrees  of  crankshaft 
movement,  and  arbitrary  limits  of 
60-degrees  advance  and  10-degrees 
retard  can  be  assumed.  A  strobo¬ 
scopic  light  can  be  used  as  an  indi¬ 
cator  but  this  is  rather  inconvenient 
when  the  driver  or  observer  in  the 
test  car  must  know  the  spark-ad¬ 
vance  setting  accurately  while 
speeding  down  the  road  on  a  fuel 
test.  Therefore,  to  bring  the  indica¬ 
tion  to  the  driver’s  seat,  electronics 
is  employed. 

To  get  a  reference  point  electri¬ 
cally,  a  magnetic  pickup  is  fixed  on 
the  engine  in  such'^a  position  that 
small  metal  studs  on  the  flywheel 
pass  close  to  it  and  produce  voltage 


essary,  until  the  same  fade-out 
speed  is  agreed  upon  by  two  ob¬ 
servers.  The  spark  is  then  advanced 
two  degrees  and  the  procedure  re¬ 
peated,  then'two  more  degrees,  and 
so  on,  until  a  complete  curve  has 
been  plotted  for  speeds  up  to  70 


Research  d  Development  Laboratories 
The  Pure  Oil  Company 
Northfield,  Illinois 


The  octane  number  or  octane  miles  per  hour. 

rating  of  automotive  fuels  has  A  graph  consisting  of  a  frame- 
for  years  been  determined  on  what  work  of  five  or  six  standard-refer- 
is  known  as  the  CFR  (Cooperative  ence  fuels  of  known  octane  numbers 
Fuel  Research)  engine,  a  single-  is  thus  prepared  and  the  curve  of 
cylinder  variable-compression-ratio  the  unknown  fuel  can  be  plotted, 
engine  running  at  a  slow  speed,  600  From  a  comparison  of  curves  the 
rpm  for  the  so-called  Research  octane  number  of  the  unknown  fuel 
Method  and  900  rpm  for  the  Motor  at  any  speed  can  be  obtained. 
Method.  While  this  procedure  is  Some  sort  of  instrumentation  is 
still  standard  in  all  laboratories,  it  required  to  determine  the  spark  ad- 
does  not  give  a  complete  picture  of  vance  each  time  it  is  changed,  or 
the  fuel  since  rating  is  determined  conversely,  to  set  the  spark  at  any 
at  only  two  points  or  speeds.  given  poir/  accurately  and  easily. 

About  1936  or  1937  a  supplemen-  Also,  since  it  is  easier  to  work  with 
tary  procedure  known  as  the  Bor-  engine  rpm  than  with  miles  per 
derline  Method  of  fuel  rating  was  hour,  and  since  the  standard  speed- 
developed  by  means  of  which  the 
octane  rating  of  a  fuel  throughout 
the  entire  speed  range  could  be  de¬ 
termined.  Briefly,  the  fuel  rating  is 
determined  by  plotting  a  framework 
of  reference  fuels  and  superim¬ 
posing  the  unknown  fuel  on  the 
framework  to  determine  its  octane 
rating  at  any  speed. 

All  fuels  are  used  in  a  test  car  in 
which  the  distributor  governor  and 
vacuum  advance  have  been  locked 
out  and  a  manual  control  installed. 

The  distributor  is  first  set  so  that 
ignition  occurs  at  a  known  point 
somewhere  near  top-dead-center  of 
the  piston  stroke.  With  the  car  in 
high  gear  and  running  at  8  to  10 
mph  on  a  level  road,  it  is  accelerated 
at  wide-open  throttle  and  the  speed 
of  the  engine  at  which  the  knock 
fades  out  is  recorded.  At  least  two 
check  runs  are  made,  or  more  if  nec- 
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Mounted  with  other  inetrumenti  in  the.  test  car,  the  electronic  unit  indicates  engine 
speed  and  spark  adeonce 
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pulses  in  the  pickup  coil  two  or  three 
times  per  revolution.  The  arrange¬ 
ment  is  shown  in  Fig.  1.  The  pickup 
is  a  small  reluctance  generator  con¬ 
sisting  essentially  of  an  Alnico 
magnet  in  a  structure  containing  a 
^-inch  air  gap,  and  &.  1,000  to  1,500- 
ohm  coil.  The  signal  from  the 
pickup  is  conducted  to  the  interior 
of  the  car  by  a  shielded  wire. 

The  variable  parameter  in  this 
problem  is  the  ignition  impulse  and 
this  is  obtained  from  the  ignition 
primary  on  the  distributor.  For  a 
constant  engine  speed,  therefore, 
two  minute  pulses  of  voltage  are 
available  in  the  car,  the  time  inter¬ 
val  between  which  varies  as  the  ig¬ 
nition  is  advanced  or  retarded. 
These  voltages  are  both  amplified  to 
give  3  to  4-volt  pulses  at  the  output. 

A  thyratron.  A,  is  set  up  as  in 
Fig.  2,  so  that  when  it  passes  cur¬ 
rent  it  will  indicate,  on  a  meter  in 
its  cathode  ctrcuit.  The  circuit  con¬ 
stants  are  adjusted  so  that  the  tube 
is  cut  off  and  no  current  passes  un¬ 
less  the  grid  is  made  a  volt  or  two 
positive.  The  output  pulse  from  the 
pickup  amplifier  tube  then  permits 
thyratron  A  to  fire.  Since  the  plate 
supply  for  the  thyratron  is  d-c,  the 
grid  loses  control  after  firing  and 
current  passes  continuously  through 
the  meter.  The  only  practical  way 
it  can  be  stopped  is  by  reducing  the 
plate  voltage  to  less  than  about  15 


FIG.  1 — Location  of  flywheel  pickup-etude 
for  4.  6  and  8-cylinder  enginee,  and  elec¬ 
trical  circuite  ueed  to  actuate  the  elec¬ 
tronic  equipment 


FIG.  2 — Circuit  for  ehowing  how  far  from  top-dead-center  the  pluge  fire 


volts  with  respect  to  the  cathode. 
To  do  this  another  thyratron, 
B,  which  draws  plate  current 
through  the  same  plate  resistor  as 
thyratron  A,  is  fired  by  the  am¬ 
plified  voltage  pulse  from  the  igni¬ 
tion  primary. 

As  thyratron  B  fires,  the  voltage 
drop  across  the  common  plate  re¬ 
sistor  increases  suddenly,  thus 
greatly  reducing  the  plate  voltage  of 
thyratron  A.  At  the  same  time,  by 
means  of  a  small  capacitor  con¬ 
nected  between  A  and  B  cathodes, 
the  cathode  of  A  is  given  a  positive 
pulse  when  thyratron  B  fires  and 
becomes  momentarily  positive  with 
respect  to  the  plate.  The  tube  is 
therefore  extinguished  and  only  the 
thyratron  B  passes  current,  which 
does  not  flow  through  the  meter. 
Since  the  meter  is  no  longer  passing 
current,  its  needle  drops  back  to¬ 
ward  the  left.  And  since  the  grid  of 
thyratron  B  no  longer  controls,  this 
tube  continues  to  pass  current  to 
ground  until  the  next  impulse  from 
the  pickup  amplifier  trips  thyratron 
A  again.  This  extinguishes  thyra¬ 
tron  B  by  the  process  just  explained, 
and  current  again  starts  to  flow  in 
the  meter  circuit. 

Thus  the  meter  receives  current 
intermittently,  and,  with  a  capac¬ 
itor  across  it,  will  indicate  average 
current  which  is  dependent  in  value 
on  the  ratio  of  the  on-time  to  the 
off -time  of  thyratron  A.  This  ratio 
is  constant  at  any  speed  of  the  en¬ 
gine  flywheel  as  long  as  the  ignition 
timing  or  spark-advance  setting  is 
constant. 

When  the  spark  setting  changes, 
the  ratio  changes  accordingly. 


Hence,  the  magnetic  pickup  is  in¬ 
stalled  in  such  a  way  that  a  flywheel 
stud  passes  it  and  produces  a  pulse 
60  degrees  before  top-dead-cen¬ 
ter  on  the  No.  1  cylinder.  Theo¬ 
retically,  spark  advance  from  plus 
60  to  minus  60  degrees  can  be  indi¬ 
cated  on  a  meter  with  a  zero-center 
scale.  When  the  ignition  is  advanced 
to  60  degrees  before  top-dead-cen¬ 
ter,  the  ratio  of  on-time  to  off-time 
is  theoretically  one  over  infinity,  or 
zero,  and  both  thyratrons  fire  al¬ 
most  simultaneously.  Thyratron  A 
cannot  remain  ignited  for  more  than 
an  instant  and  hence  it  will  pass 
practically  no  current.  The  meter, 
therefore,  indicates  almost  zero 
current,  so  the  bottom  of  the  scale 
is  marked  60-Degrees  Advance. 

Since  we  seldom  are  interested  in 
more  than  10-degrees  retard,  10  De¬ 
grees  Retard  is  made  the  top  point 
on  the  scale  and  the  meter  is  caused 
to  read  full  current  for  this  setting 
by  juggling  the  series  and  shunt  re¬ 
sistors.  Now,  using  one  pin  on  the 
flywheel,  and  with  the  ignition  at 
say,  40  degrees  before  top-dead- 
center,  the  ratio  of  on-time  to  off- 
time  is  40  degrees  out  of  360  de¬ 
grees  or  1  to  8,  the  pickup  thyratron 
fires  60  minus  40  or  20  degrees  be¬ 
fore  the  ignition  primary  thyratron 
and  the  meter  passes  current  for  a 
certain  period.  The  pulses  are  aver¬ 
aged  and  this  average  current  point 
is  marked  40-Degrees  Advance.  At 
top-dead-center,  for  example,  the 
ratio  of  on-time  to  off-time  is  60 
degrees  out  of  360  degrees  or  1  to 
5,  the  meter  reads  still  higher  and 
this  point  is  marked  Zero  Degrees. 
Thus  the  meter  is  calibrated  from 


84 
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minus  10  degrees  on  the  right  to 
plus  60  degrees  on  the  left,  and  the 
spark  setting  at  any  time  can  be 
read  instantaneously  on  this  meter. 

With  a  constant  voltage  source 
for  the  plates,  obtained  from  a  vi¬ 
brator  and  rectifier  system  oper¬ 
ating  on  the  6-volt  car  supply,  the 
instrument  described  indicates  the 
spark  setting  at  all  times,  inside 
the  car. 

Speed  Measurement 

Additional  tubes  integrate  the  ig¬ 
nition  primary  impulses  and  indi¬ 
cate  them  as  average  current  on  an¬ 
other  meter  calibrated  in  rpm  to 
provide  an  electronic  tachometer. 
The  tachometer  circuit  is  shown  in 
Fig.  3. 

The  ignition  impulse  applied  to 
the  grid  of  one  triode  of  the  6SN7 
causes  that  triode  to  draw  current 
through  the  meter  and  its  series  re¬ 
sistors.  This  applies  a  negative 
pulse  to  the  grid  of  the  other  triode 
through  one  of  the  mica  coupling 
capacitors,  the  capacitance  of  which 
determines  the  range.  (Two  scales 
are  sometimes  used,  0-1,000  and 
0-6,000  rpm.)  This  pulse  is  amplified 
and  applied  to  the  grid  of  the  6SJ7, 
causing  this  tube  also  to  draw  cur¬ 
rent  through  the  meter  and  its  se¬ 
ries  resistors.  The  action  is  cumu¬ 
lative,  resulting  in  a  final  current 
in  the  6SJ7  limited  only  by  the  se¬ 
ries  resistors  in  the  meter  circuit. 
This  current  flows  without  change 
until  the  charge  leaks  off  the  mica 
coupling  capacitor  and  the  circuit 
returns  to  its  original  state  with  the 
6SJ7  cut  off.  At  this  time,  the 
second  half  of  the  6SN7  is  again 


drawing  full  plate  current. 

The  meter  reads  average  current, 
which  is  quantity-per-unit-of-time, 
or  engine  speed.  Resistor  R  and  the 
mica  coupling  capacitors,  with  their 
adjusting  trimmers  C,  determine 
the  time  of  flow,  which  must  be  less 
than  the  time  between  impulses  at 
the  highest  speed  to  be  measured. 
For  this  circuit  the  time  of  current 
flow  is  approximately  0.7  RC  second. 

The  complete  instrument  requires 
but  two  wires  to  a  battery  and  two 
wires  to  the  engine  to  give  all  the 
information  needed  in  the  test.  Cali¬ 
bration  can  be  made  accurate  to  plus 
or  minus  1  percent  in  speed  and 
plus  or  minus  1  degree  in  spark  ad¬ 
vance  at  any  speed  or  spark  setting 
and  under  battery-voltage  varia¬ 
tions  from  5.5  to  7.5  volts. 

Other  Details 

On  a  6-cylinder  engine,  3  pickup 
studs  on  the  flywheel  provide  three 
pickup  impulses  per  revolution. 
This  tripling  of  the  current  im¬ 
pulses  to  the  meter  allows  decreas¬ 
ing  the  instantaneous  load  on  the  B 
supply  and  reducing  the  size  of  the 
capacitor  across  the  meter.  On  an 
8-cylinder  car,  four  ignition  im¬ 
pulses  per  revolution  are  obtained. 
Theoretically  four  studs  on  the  fly¬ 
wheel  could  be  used  since  the  70- 
"degree  range  is  less  than  360/4  or 
90  degrees,  but  practically  it  is 
rather  difficult  to- get  four  pins  ex¬ 
actly  90  degrees  apart  on  the  fly¬ 
wheel.  Hence  2  pins  180  degrees 
apart  are  used.  In  this  case  there  is 
provided  a  pickup  impulse,  then  2 
ignition  impulses,  before  the  next 
pickup  pulse.  The  second  ignition 


pulse  has  no  effect,  however,  as  thy- 
ratron  B  is  already  passing  current, 
having  been  tripped  by  the  first  im¬ 
pulse. 

The  total  current  through  the  me¬ 
ter  is  less  than  in  the  case  of  3-stud 
6-cylinder  operation,  so  the  resistor 
network  in  the  meter  circuit  must 
be  changed.  A  selector  switch  is  in¬ 
corporated  in  the  panel  which 
changes  circuit  conditions  to  allow 
one  or  two-stud  4-cylinder  opera¬ 
tion,  3-stud  6-cylinder  operation  or 
2-stud  8-cylinder  operation.  This 
same  switch  also  change.s  the  re¬ 
sistors  in  the  tachometer  circuit. 

A  calibrating  circuit  is  also  in¬ 
corporated  to  allow  setting  the  me¬ 
ter  to  a  definite  point  (zero  degrees 
on  the  scale)  at  any  time  to  compen¬ 
sate  for  tube  aging  and  other  fac¬ 
tors.  A  gain  control  on  the  pickup 
line,  and  a  check  position  on  the 
calibrating  switch  permit  setting 
the  gain  to  a  standard  point  with¬ 
out  flicking  the  meter  needle  to  one 
end  or  the  other. 

The  B  voltage  for  the  instrument 
is  obtained  from  a  vibrator  power 
supply  which  incorporates  a  T-4i 
neon  lamp,  a  6SJ7  and  a  6V6  con¬ 
nected  in  the  usual  voltage-regu¬ 
lator  circuit.  The  load  on  the  unit 
is  very  nearly  constant  and  the  in¬ 
put  voltage  is  the  main  variable. 
The  output  voltage  supplied  to  the 
tubes  is  nominally  held  to  less  than 
one-percent  change  for  20  percent 
or  more  change  in  input  voltage. 

The  original  circuits  were  de¬ 
signed  around  1-ma  fan-shaped 
meters.  Several  instruments  have 
been  built  recently,  however,  using 
2-ma  or  5-ma  concentric-scale  met¬ 
ers,  such  as  shown  in  the  photo¬ 
graph.  The  basic  circuits  have 
necessarily  been  changed  somewhat 
to  accommodate  the  higher  current, 
but  the  advantages  of  the  longer 
easier-to-read  scales  more  than  off¬ 
set  the  circuit  complications  in¬ 
volved. 
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Composite  Amplitude 


High  transmitter  eflSciency  is  combined  with  reduced  bandwidth.  The  signal  to  one  modu¬ 
lator  is  shifted  90  degrees.  This,  plus  the  inherent  90-degree  phase  difference  between 
sidebands  from  p-m  and  a-m,  cancels  one  set  of  sidebands 


tributed  by  a-m,  and  half  by  p-m. 
Assume  that  3,000-cycle  p-m  alone 
is  acting  on  the  carrier;  an  index 
of  0.75  radian  is  sufficient  to  give 
first-order  sidebands  of  0.35  times 
the  reference  amplitude.  The  re¬ 
sulting  spectrum  (amplitude  vs 
frequency)  is  illustrated  in  Fig.  2A. 
If  this  phase-modulated  radio  wave 
is  simultaneously  amplitude-modu¬ 
lated  81.5  percent  by  a  300-cycle 
tone,  the  spectrum  becomes  that  of 
Fig.  2B.  It  will  be  observed  that 
a  pair  of  a-m  sidebands  (shown 
with  dotted  lines  for  clarity)  is 
generated  about  each  component  of 
the  original  p-m  spectrum.  The 
low  frequency  of  the  second  modu¬ 
lation  helps  to  make  the  situation 
clear.  Note  that  the  entire  wave 
must  be  amplitude-modulated  81.5 
percent  in  order  to  generate  two 
sidebands  on  either  side  of  the  re¬ 
duced  carrier  of  0.35,  or  the  same 
amplitude  as  the  first-order  p-ra 
sidebands. 

Components  Combine 

We  may  now  re-examine  the  spec¬ 
trum  when  the  a-m  frequency  be¬ 
comes  relatively  high,  say  2,900 
cycles,  illustrated  in  Fig.  2C.  This 
representation  of  the  sidebands 
shows  what  happens  when  the  fre¬ 
quencies  producing  the  a-m  and  the 
p-m  become  the  same.  The  groups 
of  sidebands  merge,  and  the  result¬ 
ant  sideband  at  each  3,000-cycle 
interval  can  be  found  by  combining 
the  components,  taking  the  various 
phase  relationships  of  each  com¬ 
ponent  into  account. 

Figure  2D  shows  the  original 
p-m  spectrum  but  with  the  relative 
phases  of  the  components  indicated 
by  the  direction  of  the  vectors,  for 
the  instant  at  which  the  modulating 
voltage  passes  through  a  maximum. 


jacent-channel  interference  can  be 
tolerated,  as  in  Fig.  1. 

Basically,  the  system  consists  of 
combined  amplitude  and  phase 
modulation  with  a  90-degree  phase 
shift  between  the  two  audio  modu¬ 
lating  voltages.  Because  a-m  and 
first  order  p-m  sidebands  are  in 
radio-frequency  quadrature,  this 
arrangement  can  be  made  to  cancel 
either  the  two  upper  or  the  two 
lower  sidebands,  as  in  the  phase- 
rotation  system  of  single-sideband 
modulation. 

Sideband  Structure 

Operation  of  the  composite  sys¬ 
tem  will  be  more  readily  understood 
after  a  description  of  its  sideband 
structure  for  a  single-frequency 
modulating  voltage.  The  first  prob¬ 
lem  is  to  select  the  degree  of  mod¬ 
ulation  for  which  the  composite 
system  will  have  a  communication 
effectiveness  equal  to  that  of  a  car¬ 
rier  wave  100  percent  amplitude 
modulated.  It  is  necessary  that  the 
uncancelled  first-order  sidebands 
have  a  combined  amplitude  seven- 
tenths  that  of  the  reference  carrier. 
This  requirement  arises  because 
the  receiver  bandwidth  is  halved 
with  ihe  new  system,  hence  the 
noise  power  received  is  halved. 
Because  the  two  sidebands  in  a-m 
add  directly,  so  far  as  detection  is 
concerned,  removing  one  has  the 
same  effect  as  cutting  the  sideband 
power  to  one-quarter  its  former 
value.  Thus,  for  the  remaining 
sideband  power  to  be  halved  (that 
is,  reduced  as  much  as  is  the  noise 
power  when  the  receiver  bandwidth 
is  halved),  the  remaining  sideband 
must  have  0.707  times  the  reference 
carrier  amplitude. 

In  the  composite  system,  half  of 
this  sideband  (35  percent)  is  con¬ 
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A'  SYSTEM  OF  CARRIER  MODULA¬ 
TION  having  several  unique 
advantages  compared  with  conven¬ 
tional  double-sideband  amplitude 
modulation  has  been  developed. 
Although  this  new  method  produces 
substantially  a  single-sideband  with 
carrier,  the  signal  can  be  demodu¬ 
lated  with  negligible  distortion  in 
conventional  receivers  employing 
linear  diode  detectors.  The  band¬ 
width  required  for  transmission  is 
approximately  half  that  of  the 
double-sideband  method.  The  maxi¬ 
mum  amplitude  modulation  re¬ 
quired  for  communication,  equally 
effective  to  that  obtained  with  100- 
percent  double-sideband  a-m,  is 
81.5  percent,  resulting  in  a  saving 
of  33  percent  in  audio  power  when 
plate  modulation  is  used. 

The  system  can  be  added  to  ex¬ 
isting  phase  or  amplitude  modu¬ 
lated  transmitters  with  very  little 
trouble,  and  appears  to  be  the 
simplest  way  to  achieve  the  ad¬ 
vantages  of  single-sideband  trans¬ 
mission  from  the  standpoint  of 
simplicity  in  installation,  adjust¬ 
ment  and  maintenance.  The  sole 
disadvantage  of  the  system  is  the 
presence  of  an  appreciable  second- 
order  sideband  that  is  beyond  the 
primary  sideband  and  is  capable  of 
causing  adjacent-channel  interfer¬ 
ence  comparable  to  that  arising 
from  a  badly  adjusted  conventional 
transmitter.  It  should,  therefore, 
be  particularly  interesting  for  low- 
power  mobile  and  point-to-point 
communication  where  moderate  ad¬ 
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and  Phase  Modulation 


the  audio  signal  which  would  be 
produced  by  the  rectification  of  a 
carrier  of  0.86  and  a  second-order 
sideband  of  0.22. 

It  therefore  appears  that  when,  in 
the  composite  system,  only  the  car¬ 
rier,  first-order  sideband  and 
strong  second-order  sideband  are 
accepted  by  a  selective  receiver  or 
band-pass  filter,  the  resulting  signal 
will  have  an  envelope  substantially 
free  from  distortion. 

Furthermore  the  distortion  will 
be  low  at  all  modulation  levels. 
While  the  p-m  portion  of  the 
second-order  sidebands  will  de¬ 
crease  faster  than  the  modulation 
level,  thus  tending  to  remove  the 
difference  between  these  sidebands 
at  low  signal  levels,  at  the  same 
time  the  distortion  accompanying 
linear  detection  of  a  single  first- 
order  sideband  tends  to  decrease  as 
the  modulation  depth  decreases. 
Thus  the  distortion  (and  the  level 
of  the  spurious  higher-order  side¬ 
bands  as  well)  will  never  exceed  the 
full  modulation  situation  illus¬ 
trated  in  Fig.  2G. 

We  may  now  consider  a  typical 
example.  Assume  a  voice  com¬ 
munication  system  having  a  maxi¬ 
mum  modulating  frequency  of  3,000 
cycles.  A  receiver  having  a  3,000- 
cycle  bandwidth  and  a  linear  diode 
detector  can  be  tuned  so  that  the 
carrier  falls  at  the  proper  edge  of 
the  passband.  For  all  modulating 
frequencies  below  1,500  cycles,  the 
strong  second-order  sideband  falls 
within  the  receiver  passband,  and 
detection  is  substantially  distor¬ 
tionless.  For  modulating  fre¬ 
quencies  between  1,500  and  3,000 
cycles,  the  second-order  sideband 
will  fall  outside  the  receiver  pass- 
band,  and  detection  will  be  accom¬ 
panied  by  roughly  18-percent  dis¬ 
tortion. 

As  far  as  adjacent-channel  inter¬ 
ference  is  concerned,  there  will  be  a- 
band  of  frequencies  3,000  cycles 
wide  outside  the  3,000-cycle  band¬ 
width  of  the  system  in  which  spur¬ 
ious  sidebands  will  be  heard  of  an 
amplitude  equal  to  that  which 
would  be  present  if  the  radio  wave 
were  amplitude-modulated  in  the 


FIG.  1 — Mobile  single-sideband  transmitter  used  by  author  to  test  dependability  of 
unconventional  modulation  system  that  produces  a  signal  which  is  easily  demodu¬ 
lated  by  a  conventional  receiver 


Figure  2E  shows  this  spectrum 
with  the  addition  of  a-m  sidebands 
corresponding  to  an  audio  voltage 
90  degrees  out  of  phase  with  that 
producing  the  p-m;  however,  for 
the  sake  of  clarity  these  sidebands 
have  been  shown  displaced  from 
their  correct  position  in  the  fre¬ 
quency  spectrum.  In  Fig.  2F, 
the  sidebands  are  given  their  cor¬ 
rect  position  and  phase,  so  that 
their  resultant  can  be  found.  The 
final  spectrum,  phases  once  more 
disregarded,  appears  in  Fig.  2G. 

It  will  be  seen  that  the  first-order 
sidebands  on  one  side  of  the  car¬ 
rier  are  nearly  cancelled  (cancella¬ 
tion  can  be  made  complete  by  a 
slight  reduction  in  the  percent 
a-m),  while  those  on  the  other  side 
add  directly.  Of  particular  inter¬ 
est  is  the  relatively  strong  second- 
order  sideband  (0.22)  on  the  same 
side  of  the  carrier.  The  remaining 
higher  order  sidebands  are  neglig¬ 
ible,  being  20  db  or  more  below  the 
desired  first-order  sideband. 


soidal  when  all  frequency  compon¬ 
ents  are  taken  into  account.  This 
must  be  the  case  since  the  shape  of 
the  envelope  is  solely  due  to  the 
a-m  portion  of  the  composite  modu¬ 
lation.  If  the  carrier  and  the  first- 
order  sideband  were  taken  by  them¬ 
selves,  their  envelope  would  be 
distorted,  rather  than  a  pure  sinu¬ 
soid.  (For  example,  if  carrier  and 
sideband  were  equal  in  strength, 
their  envelope  would  resemble  the 
output  of  a  full-wave  rectifier.)  It 
follows  that  the  strong  second- 
order  sideband  has  the  effect  of 
removing  a  large  portion  of  the 
envelope  distortion  which  would 
otherwise  be  present.  Because  the 
other  sideband  components  are 
10  db  or  more  weaker  than  the 
strong  second-order  sideband,  it 
seems  safe  to  assume  that  the 
envelope  will  be  very  nearly  sinu¬ 
soidal  even  when  these  components 
are  neglected. 

It  is  interesting  to  observe  that 
when  a  true  carrier-plus-single¬ 
sideband  signal  in  which  the  ratio 
Modulation  Distortion  .  sideband  to  carrier  is  0.7  to  0.86, 

The  existence  of  %  strong  second-  as  in  the  situation  under  discus- 

order  sideband  in  the  composite  sion,  is  rectified  in  a  linear  detector, 

modulating  system  is  not  surpris-  the  second  harmonic  distortion  in 

ing  when  it  is  remembered  that  the  the  output  is  18  percent.  This  is 

envelope  must  necessarily  be  sinu-  of  the  same  order  of  magnitude  as 
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conventional  way  with  a  signal  con¬ 
taining  approximately  45-percent 
second-harmonic  distortion.  In 
estimating  the  practical  effect  of 
this  interfS'ence,  it  should  be  re¬ 
membered  that  the  strongest  and 
most  often-occurring  frequency 
components  in  speech  or  music  are 
in  the  range  below  1,500  cycles, 
where  the  sidebands  fall  within  the 
assigned  channel  and  negligible  dis¬ 
tortion  occurs  in  reception. 
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CPS  PHASE  MODULATION  ALONE 


Adjusting  the  Modulators 

The  combined  modulation  system 
has  been  tried  both  in  the  labora¬ 
tory  and  in  several  experimental 
transmitters.  Its  installation  in¬ 
volves  one  unusual  feature,  which 
is  a  phase-equalizing  network. 
The  purpose  of  this  network  is  to 
make  the  frequency  response  of  the 
phase  modulator,  and  of  any  asso¬ 
ciated  amplifiers,  identical  to  that 
of  the  amplitude  modulator  and  its 
associated  amplifiers.  This  is  es¬ 
sential  if  the  90-degree  phase  shift 
existing  at  the  output  terminals  of 
the  phase-shift  network  is  to  be 
preserved  through  to  the  voltages 
which  actually  perform  the  phase 
and  the  amplitude  modulation.  Any 
difference  between  the  shapes  of 
the  frequency  response  curves  of 
the  two  modulator  channels  will  in¬ 
troduce  a  spurious  phase  shift 
which  must  be  avoided.  In  most, 
cases  it  will  be  found  that  the  fre¬ 
quency  response  of  the  amplitude 
modulator  is  worse  than  that  of  the 
phase  modulator,  owing  to  the  pres¬ 
ence  in  the  former  of  driver  and 
modulation  transformers. 

The  required  equalization  can 
then  be  obtained  by  inserting 
simple  single-section  R-C  high-pass 
and  low-pass  filters  in  the  audio  line 
to  the  phase  modulator.  It  is  con¬ 
venient  to  make  the  resistances 
variable  and  to  find  the  correct 
values  experimentally  with  the  aid 
of  an  oscilloscope  connected  to  show 
the  phase  shift  between  the  volt¬ 
ages  actually  performing  the  phase 
and  the  amplitude  modulation.  The 
leads  normally  connected  to  the  two 
outputs  of  the  90-degree  phase- 
shift  network  are  connected  in  par¬ 
allel  and  to  the  terminals  of  an 
audio  oscillator.  If  the  45-degree 
line  on  the  oscilloscope  opens  into 
an  ellipse  at  any  frequency,  unde¬ 
sired  phase  shift  is  present.  The 
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FIG.  3 — Principal  circuits  of  mobile  transmitter  using  composite  modulation.. Values  of  unhibeled  parts  depend  on  carrier  frequency 


correct  adjustment  of  the  equaliz¬ 
ing  network  is  surprisingly  easy  to 
find  in  practice,  even  when  widely 
different  phase  and  amplitude  mod¬ 
ulators  are  used.  It  is  theoretically 
possible  that  filters  having  two  or 
more  sections  with  differing  time 
constants  might  be  needed  if  the 
amplitude  modulator  has  many 
stages  compared  with  the  phase 
modulator.  In  the  cases  tried  so 
far,  single-section  filters  haye  been 
sufficient. 

The  phase  modulation  index  for 
optimum  sideband  cancellation  is 
readily  found  with  the  aid  of  a  se¬ 
lective  receiver,  preferably  one  hav¬ 
ing  a  crystal  filter.  A  sine  wave  in 
the  2,000-  to  3,000-cycle  range  is 
applied  to  the  amplitude  modulator, 
and  the  percent  modulation  ad¬ 
justed  to  81.5.  The  receiver  is  then 
tuned  to  the  unwanted  sideband  and 
the  gain  of  the  phase  modulator  ad¬ 
justed  until  cancellation  occurs. 

Note  that  only  one  adjustment 
(relative  phase  modulator  gain)  is 
required.  There  is  no  simultaneous 
radio-frequency  phase  setting  to  be 
made,  nor  are  there  any  balanced 
modulators  whose  characteristics 
must  be  equalized,  as  in  other 
phase-rotation  single-sideband  sys¬ 
tems. 

''ancellation  of  the  undesired 
sideband  with  the  composite  system 
is  readily  detectable  in  practice, 
even  with  a  fairly  unselectivp- re¬ 
ceiver.  Receiving  operators  are 
seldom  aware  of  the  nature  of  the 
incoming  signal,  since  it  sounds  like 
any  other;  they  automatically  tune 
slightly  to  one  side  of  the  incoming 


carrier  to  make  the  modulation 
sound  the  loudest.  Reversal  of  the 
phase  of  the  voltage  fed  to  one 
modulator  will  cause  the  opposite 
sideband  to  be  cancelled ;  the  receiv¬ 
ing  operator  then  finds  he  must 
tune  to  the  opposite  side  of  the  car¬ 
rier  for  loudest  modulation.  An¬ 
other  interesting  demonstration  is 
to  ask  the  receiving  operator  to 
narrow  his  bandwidth  and  tune  in 
the  composite  signal  for  best  recep¬ 
tion.  If  the  phase  modulator  is 
then  disabled,  the  receiving  oper¬ 
ator  will  report  a  noticeable  drop  in 
the  strength  of  the  modulation. 

Circuit  Details 

To  illustrate  the  stability  and  re¬ 
liability  of  the  composite  system, 
the  author  installed  a  mobile  single¬ 
sideband  transmitter  in  the  trunk 
compartment  of  his  car.  After 
4,000  miles  of  vacation  driving, 
some  of  it  over  unpaved  roads  in 
national  parks,  the  transmitter  was 
checked  and  found  to  be  in  perfect 
adjustment,  having  given  satisfac¬ 
tory  performance  throughout  the 
trip. 

A  simplified  circuit  diagram  of 
this  transmitter  is  shown  in  Fig. 
3,  and  a  photograph  of  the  installa¬ 
tion  appears  at  the  beginning  of 
this  article.  The  90-degree  audio 
phase  shift  is  obtained  from  a  net¬ 
work  driven  directly  by  a  surplus 
T-17D  carbon  microphone.  This 
microphone  also  serves  very  con¬ 
veniently  ^  a  band-pass  filter,  its 
output  being  restricted  to  those 
frequencies  (300-3,000  cycles)  for 
which  the  phase-shift  network  is 


effective.  The  stepup  transformer 
between  the  microphone  and  the 
network  should  not  have  too  high  a 
turns  ratio;  the  conventional  vari¬ 
ety  will  not  maintain  a  180-degree 
phase  shift  between  halves  of  the 
secondary  at  all  frequencies,  owing 
to  the  finite  input  impedance  of  the 
network.  Small  power-output  trans¬ 
formers  of  the  type  designed  to 
match  push-pull  tubes  (20,000- 
ohms  plate-to-plate)  to  a  200-ohm 
line  have  been  found  to  be  satis¬ 
factory. 

The  transmitter  itself  consists 
of  a  commercial  phase-modulated 
unit  which  has  been  modified  for 
simultaneous  amplitude  modula¬ 
tion.  The  final  stage  was  rewired 
to  permit  simultaneous  plate  and 
screen  modulation,  and  a  smaller 
screen  bypass  capacitor  inserted. 
No  other  changes  were  needed.  The 
amplitude  modulator  is  conven¬ 
tional.  In  this  particular  arrange¬ 
ment,  the  only  phase  equalization 
found  to  be  necessary  was  the 
0.002-{if  capacitor  in  series  with  the 
line  to  the  phase  modulator  audio 
input.  This  was  determined  by 
connecting  an  oscilloscope  to  the 
points  marked  Pi  and  P,  and  follow¬ 
ing  the  procedure  outlined  earlier. 

Research,  the  result  of  which  is 
described  in  this  paper,  was  an  out¬ 
growth  of  Project  W-28-099-Ac-131 
between  Stanford  University  and 
the  Watson  Laboratories  of  the  Air 
Materiel  Command.  The  author 
wishes  to  thank  the  Watson  Labor¬ 
atories  for  their  cooperation  and 
for  permission  to  publish  this 
paper. 
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Regulator  for 


Jack  and  Heintz  J*reciaion  Industries, 
Bedford.  Ohio 


Numerous  methods  have  been 
used  for  regulation  of  aircraft 
inverters.  Among  them  are  the  car¬ 
bon  pile,  Tirrill  vibrating  contact, 
Brown-Bovari,  Silverstat  and 
others.  In  each  of  these-  systems 
there  are  some  moving  parts  which 
are  subject  to  mechanical  wear. 

The  electronic  regulator  to  be 
described  compares  favorably  with 
the  previously  mentioned  regula¬ 
tors  in  regard  to  size,  weight,  ac¬ 
curacy,  reliability  and  other  fact¬ 
ors.  While  the  regulator  which 
was  developed  for  use  on  a  250  volt- 
ampere  machine  is  somewhat  heav¬ 
ier  (1.7  lb  compared  to  about  1.1 
lb)  than  the  carbon  pile  regulator, 
it  has  the  advantage  of  having  no 
moving  parts. 

In  laboratory  tests  the  unit  ap¬ 
peared  to  be  quite  reliable  for  any 
of  the  conditions  it  was  designed  to 
meet.  The  electronic  regulator  is 
capable  of  providing  about  40  watts 
of  d-c  power  to  the  exciter  field  in 
the  inverter  and  maintains  the  out¬ 
put  voltage  of  the  inverter  within 
±1.0  volt  from  no  load  to  full  load. 


The  entire  regulator  ie  packaged  to  lit  into  a  space  of  4  Vi  by  3V^  by  2  inches  high 


creases.  This  action  increases  the  for  a  slight  increase  in  output  volt- 
amount  of  excitation  provided  to  age.  This  characteristic  is  obtained 
the  machine.  By  adjusting  this  by  triggering  a  thyratron  with  the 
current  to  the  proper  value,  the  voltage  drop  across  a  resistor  in 
output  of  the  machine  can  be  main-  series  with  a  VR  tube.  The  thy- 
tained  within  narrow  limits  for  a  ratron  is  normally  a-c  biased  to  a 
wide  range  of  load  conditions.  point  sufficient  to  prevent  firing. 

When  the  voltage  drop  across  re¬ 
sistor  Ri  is  great  enough  to  over¬ 
come  the  necessary  portion  of  the 
bias,  the  thyratron  will  fire.  With 
the  circuit  arrangement  used,  fir¬ 
ing  occurs  at  approximately  the 
peak  value  of  the  output  voltage  and 
therefore  the  thyratron  conducts 
for  about  one  quarter  of  a  cycle. 

Because  of  the  relatively  high  in¬ 
ductance  of  the  polarizing  winding 
on  the  saturable  core  reactor,  the 
pulses  of  thyratron  current  are 
smoothed  considerably.  The  num¬ 
ber  of  these  pulses  provided  to  the 
polarizing  coil  per  second  deter¬ 
mines  the  average  current  flowing 
in  the  polarizing  coil  of  the  satur¬ 
able  core  reactor. 

In  typical  operation,  the  number 
of  pulses  per  second  may  range  any¬ 
where  from  one  to  four  hundred. 
This  current  opposes  the  fixed  cur¬ 
rent  provided  by  resistor  R..  Thus 
the  polarizing  coil  current  may 
have  any  average  value  between 
vide  a  sharply  increasing  current  the  maximum  current  as  provided 


Tube  Circuit 


Inverter  Operation 

As  shown  in  the  diagram,  the 
inverter  is  supplied  with  28  volts 
d-c  from  the  aircraft  battery  and 
generator.  The  exciter  field  cur¬ 
rent  is  supplied  partly  by  the  28- 
volt  d-c  source  to  help  the  machine 
build  up  and  partly  by  the  rectified 
a-c  from  the  output  of  the  inverter. 
Without  a-c  excitation,  the  28-volt 
supply  provides  about  30  volts  at 
the  output  terminals  of  the  inverter 
at  no  load. 

The  field  current  is  governed  by 
the  saturable  reactor  SR.  As  the 
current  through  the  d-c  winding  of 
SR  is  increased,  the  reactance  de- 
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400-Cycle  Inverter 

Voltage  output  of  an  aircraft  inverter*  is  maintained  within  plus  or  minus  one  volt  from 
no  load  to  full  load  by  a  two-tube  electronic  regulator  having  no  moving  parts.  Opera¬ 
tion  remains  substantially  constant  down  to  —  55  centigrade 


by  the  battery  and  a  value  of  zero. 

Resistors  Rs  and  Rt  are  used  to 
provide  the  a-c  bias  for  the  2D21. 
For  economy,  resistor  iJ,  is  a  poten¬ 
tiometer  which  is  used  to  adjust 
the  level  of  the  regulator  voltage. 
It  was  found  that  the  d-c  voltage 
drop  across  the  polarizing  coil  of 
the  reactor  was  at  times  sufficient 
to  fire  the  2D21  before  the  bias  had 
gained  sufficient  amplitude  on  the 
positive  half  cycle  of  the  a-c  volt¬ 
age.  In  other  words  at  the  instant 
when  the  a-c  voltage  is  zero  going 
from  the  negative  half  cycle  to  the 
positive  half  cycle,  the  bias  is  also 
zero.  Since  the  voltage  drop  across 
the  polarizing  winding  may  be 
about  10  volts,  some  2D21’s  will  fire 
at  this  potential. 

Capacitor  Ci  is  used  to  shift  the 
bias  a  few  degrees  ahead  of  the 
anode  voltage  in  order  that  the  d-c 
voltage  across  the  polarizing  coil 
will  not  fire  the  thyratron.  It  should 
be  noted  that  with  the  constants  in 
the  circuit  the  VR  tube  fires  on 
the  positive  half  of  every  cycle. 


The  thyratron  may  or  may  not  fire 
on  the  positive  half  of  each  cycle 
depending  upon  the  magnitude  of 
the  peak  voltage  drop  across  R^. 
This  feature  makes  the  firing  of  the 
thyratron  dependent  upon  the  con¬ 
duction  characteristics  of  the  VR 
tube  rather  than  upon  the  striking 
characteristics. 

Since  the  regulator  works  on  the 
peaks  of  the  voltage  which  it  is 
regulating,  it  is  important  to  main¬ 
tain  a  fairly  sinusoidal  wave  form 
for  the  output  of  the  machine. 
Another  specification  for  these 
machines  requires  that  the  wave¬ 
form  be  quite  good  any  way  so  that 
the  regulator  does  not  actually  im¬ 
pose  any  additional  hardship  on  the 
designer  of  the  machine. 

The  current  supplied  to  the  ex¬ 
citer  field  ranges  from  about  70  ma 
at  105  volts  for  no  load  to  150  ma  at 
225  volts  for  an  output  of  250  volt- 
amperes  at  a  power  factor  of  0.9 
lagging. 

The  regulator  is  used  on  a  3- 
phase  inverter  which  is  designed  to 


provide  250  va  of  3-phase  power 
continuously  with  conservative  rat¬ 
ings  or  250  va  of  single-phase 
power  from  terminals  A  and  B  with 
the  machine  running  just  within 
ratings.  Checks  have  been  made  on 
the  operation  of  the  regulator  at 
— 55  C  and  the  results  indicate  that 
the  difference  in  voltage  between 
this  temperature  and  room  temper¬ 
ature  is  not  more  than  about  one 
volt.  Compensation  for  the  varia¬ 
tion  in  exciter  field  resistance  had 
to  be  made,  however,  because  of  the 
fact  that  the  field  resistance,  which 
is  about  1,400  ohms  at  room  temper¬ 
ature,  is  about  900  ohms  at  —55  C. 
A  thermistor  shunted  with  the 
proper  value  of  resistance  provides 
compensation  and  results  in  a  regu¬ 
lator  which  is  quite  satisfactory. 
Tests  at  full  load  were  run  for  500 
hours  followed  by  150  hours  of  cy¬ 
cling  tests  during  which  the  load 
was  changed  abruptly  from  full 
load  to  no  load  in  5-second  intervals. 
The  output  voltage  remained  within 
=tl.5  volts  for  this  entire  period. 
The  regulator  was  still  operating 
satisfactorily  when  the  test  was 
shut  down. 

It  was  found  necessary  to  shock 
mount  the  regulator  to  obtain  suit¬ 
able  life  from  the  2D21  thyratron. 
When  mounted  directly  on  an  in¬ 
verter  running  at  12,000  rpm,  the 
thyratron  would  last  for  about  100 
hours  after  which  enough  cathode 
material  had  been  broken  loose  to 
make  the  tube  characteristics 
change  considerably.  It  was  sus¬ 
pected  that  the  high  (200  cps  and 
above)  vibration  frequencies  were 
responsible  for  this  effect.  Proper 
vibration  isolation  solved  this  prob¬ 
lem.  Regulators  based  on  the  same 
principle  have  been  built  for  ma¬ 
chines  up  to  2,500  volt-amperes 
capacity  and  undoubtedly  could  be 
made  for  much  larger  machines. 


Complete  circuit  oi  Toltage  regulator  for  a  400-c7cle,  250-Ta  aircraft  inverter 
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FIG.  1 — Trcmimitter  locationa  cilong  a  channsl  FIG.  2 — Conatruction  shows  how  straight  and  cursed  course  lines  are  generated 


Sonic  Navigation 


A  new  hyperbolic  underwater-sound  navigation  system  for  harbors  and  channels  uses 
pairs  of  transmitters  pulsed  at  audible  frequencies.  A  ship  on  course  receives  the  two 
tones  simultaneously.  Aural  monitoring  assures  position  within  50  yards  while  lesser 
deviations  are  possible  when  meter  indications  are  used 


CONVENTIONAL  METHODS  of  equipment,  indepentJent  of  weather 

harbor  navigation  require  the  conditions, 
following  of  floating  buoys  in  order 
to  keep  ships  in  the  proper  traffic 
lanes  as  well  as  in  channels  of  safe  The  *  system  consists  of  ope  or 
navigable  depth.  Pilotage  by  buoys  more  pairs  of  underwater  sound 
becomes  extremely  difficult  in  fog  generators  located  at  spaced  posi- 
when  neither  the  buoy  nor  the  light  tions  along  a  channel  or  traffic  lane, 
with  which  it  may  be  equipped  is  one  member  of  the  pair  (illus- 
visible  for  any  appreciable  distance,  trated)  on  each  side  of  the  channel. 
Whistling  and  bell  buoys  can  be  In  each  pair  the  members  are  pulsed 
followed  at  best  only  at  a  slow  rate  at  intervals,  and  the  pulse  from  each 
of  speed  and  then  only  if  all  other  member  has  a  distinguishing  fre- 
conditions  are  quiet.  As  a  result  quency  characteristic.  A  person  on 
most  ships  are  still  forced  to  wait  a  vessel  sailing  between  a  pair  is  in 
out  a  fog  rather  than  risk  entering  a  position  to  hear  both  generators 
or  leaving  a  fog-bound  harbor.  with  a  simple  listening  or  hydro- 
The  Hysonav  system  described  phone  arrangement.  Pulse  lengths 
below  employs  underwater  sound  to  as  short  as  30  milliseconds  are  used, 
mark  channels  and  traffic  lanes  so  that  the  listener  can  ascertain 
which  can  be  followed  by  any  vessel  his  position  within  fifty  yards, 
having  only  the  simplest  listening  In  accordance  with  the  basic  con¬ 


cepts  of  a  hyperbolic  system,  the 
listener  navigates  the  path  on  which 
he  receives  a  single  note,  indicating 
that  first-arrival  signals  from  both 
generators  are  being  received  simul¬ 
taneously.  This  path  is  made  to  be 
a  straight  line  or  a  curve,  depend¬ 
ing  on  channel  shape  and  other 
harbor  requirements.  Where  it  is 
a  straight  line,  two  generators  are 
pulsed  simultaneously,  so  that  the 
locus  of  points  where  the  first 
arrival  pulses  are  available  simul¬ 
taneously  is  a  straight  line  which 
is  the  perpendicular  bisector  of  the 
line  between  the  generators.  To 
provide  a  curved  path,  the  two  gen¬ 
erators  are  pulsed  in  sequence,  and, 
as  explained  below,  the  isotime  locus 
generated  is  a  hyperbola,  which  is 
made  to  fit  a  particular  channel  by 
adjusting  the  time  interval  bet  veen 
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the  pulses.  If  the  navigator  is  not 
on  the  predetermined  path  or 
course,  he  will  h^ar  first  one  and 
then  the  other  pulse,  and  he  tells 
them  apart  by  the  difference  in  aud¬ 
ible  pitch.  In  this  way  he  knows 
'  which  way  to  turn  to  regain  his 
;  course.  This  information  may  be 
i  used  to  enable  the  navigator  to  keep 
to  one  side  of  a  predetermined 
center  line  for  two-way  traffic. 

Referring  to  Fig.  1,  a  ship  chan¬ 
nel  is  illustrated,  as  delineated  by  a 
:  pair  of  channel  lines.  It  is  desired 
g  to  provide  a  system  that  will  guide 
]  a  vessel  along  the  center  line  of  this 
]  channel.  A  number  of  pairs. t)f 
I  sound  generators  are  located  along 
■  the  channel,  the  members  of  each 
;  pair  being  located  one  on  each  side. 
Thus  Stations  lA  and  2A  comprise 
one  pair,  IB  and  2B  a  second  pair, 
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and  1C  and  2C  are  a  third  pair. 
Stations  lA  and  2A  are  on  a 
straight  section  of  the  channel. 
They  are  pulsed  simultaneously  at 
intervals  which,  for  convenience, 
are  regular.  The  stations  of  a  pair 
are  distinguished  by  a  difference  in 
the  pitch  of  the  respective  signals; 
that  is,  the  frequency  of  sound 
emitted  by  Station  lA  is  different 
from  that  of  Station  2A.  For  ex¬ 
ample,  lA  may  oscillate  at  600  cy¬ 
cles  per  second  when  pulsed,  while 
2A  may  oscillate  at  900  cycles  per 
second.  The  stations  are  so  located 
with  respect  to  the  channel  that  the 
perpendicular  bisector  of  the 
straight  line  drawn  between  them 
coincides  to  a  satisfactory  degree 
with  the  center  line  of  the  channel 
in  the  region  of  these  stations. 

This  perpendicular  bisector  is 


designed  as  course  line  A.  It  is  the 
locus  of  points  which  are  equi¬ 
distant  from  both  stations  for  sound 
travelling  through  the  water,  so 
that  a  person  on  a  vessel  which  is 
navigated  along  this  line  is  in  a 
position  to  hear  a  single  sound, 
which  is  a  mixture  of  600  and  900 
cycles  per  second,  whenever  the  sta¬ 
tions  are  simultaneously  pulsed. 
Thus,  a  navigator  who  is  provided 
with  only  simple  underwater  listen¬ 
ing  equipment  needs  merely  to  steer 
the  path  along  which  he  hears  this 
single  mixed  signal  to  remain  in 
the  channel  and  on  course  line  A  in 
even  the  deepest  fog.  If  he  steers 
or  drifts  too  far  to  one  side  or  the 
other,  he  will  hear  a  sequence  of 
two  pulse  signals,  either  a  low  and 
then  a  higher  frequency,  or  vice 
versa,  each  time  the  two  stations  are 
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pulsed,  and  will  know  that  he  is  in  the  listening  equipmei 
closer  to  the  station  that  emits  the  fore  the  navigator  can  be 
first  frequency  he  hears.  Navi-  of  the  channel,  while  coi 
gators  would,  of  course,  be  fur-  becomes  comparatively 
nished  with  the  necessary  informa-  that  he  will  make  no  o1 
tion  from  which  they  can  mark  the  than  to  follow  it.  Also, 
locations  of  the  stations  and  the  from  the  nearest  pair  wi 
frequencies  of  their  signals  on  a  first.  From  course  line  ] 
chart  of  the  channel,  so  that  one  gator  proceeds  to  anoth 
may  know  which  way  to  turn  to  course  line  C,  which  is  p 
sail  along  course  line  A.  The  course  the  third  pair  of  stations 
line  can  be  regarded  as  a  highway  in  the  same  fashion  as 
center-line,  and,  when  it  is  desired  A. 
to  navigate  to  either  side,  it  is  use-  The  signals  that  are  h 
ful  that  the  signals  are  received  sue-  navigator  consist  of  fii 
cessively  rather  than  simultane-  plus  reverberation  sig 
ously.  first  arrivals  are  the 

_  .  ,  which  the  navigator  is 

Curved  Channels  ...  l  •  • 

reverberations  being  ign 

After  passing  along  course  line  the  first  arrival  signals 
A,  the  channel  curves  to  the  left,  louder  than  the  reverber 
in  the  region  of  stations  IB  and  2B.  is  not  difficult.  Also  the 
Stations  IB  and  2B  are  pulsed  in  tition  frequency  of  the 
such  a  fashion  that  the  locus  of  all  is  made  deliberately 
points  at  which  the  emitted  pulses  seconds  between  pulses) 
will  be  heard  simultaneously  is  a 
curved  line  which  follows  the  curve 
in  the  channel  to  a  satisfactory  de¬ 
gree.  This  line  is  designated  as 
course  line  B  in  Fig.  1.  Course  line 
B  is  curved  by  pulsing  one  station 
of  the  pair  before  the  other.  The 
direction  of  curvature  is  deter¬ 
mined  by  the  order  of  pulsing,  and 
the  degree  of  curvature  by  the 
amount  of  time  difference  between 
the  pulsing  of  the  first  and  second 
stations.  In  Fig.  1,  course  line  B 
is  curved  to  the  left  by  pulsing  sta¬ 
tion  2B  prior  to  station  IB. 

Station  IB  emits  signals  having 
the  same  sound  frequency  as  those 
of  lA,  while  2B  emits  signals  having 
the  same  sound  frequency  as  those 
of  2A.  As  the  navigator  leaves  Sta¬ 
tions  lA  and  2A  behind  and  ap¬ 
proaches  IB  and  2B,  the  signals 
from  the  former  fade  and  those 
from  the  latter  become  louder. 

Where  the  two  paths  cross,  both 
pairs  of  stations  will  be  heard,  and 
a  choice  of  paths  may  be  presented 
to  the  navigator.  Before  he  has 
gone  far,  the  signals  from  Station 
A  will  become  weak  enough  and 
those  from  Station  B  strong 
enough  that  there  will  be  no  doubt 
by  which  to  be  guided.  The  signal 
strengths  of  the  pairs  of  stations 
are  so  adjusted  that  there  is  not  a 
strong  set  of  signals  tending  to 
guide  the  navigator  out  of  the  chan- 
nel ;  that  is,  course  line  A  fades  out 
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sequence,  and  the  locus  of  points  of 
simultaneous  arrival  is  that  line  uf 
which  each  point  is  X  lineal  units 
from  the  second  station  pulsed  and 
X  K  lineal  units  from  the  first 
station  pulsed,  where  iiC  is  a  con¬ 
stant  equal  to  ct,  c  being  the  speed 
of  sound  in  water,  and  t  the  time 
difference  between  pulses  in  a 
given  pair. 

Case  S.  They  may  be  pulsed 
simultaneously,  and  the  locus  of 
points  of  fixed  differential  time 
{tf)  of  arrival  is  that  line  in  which 
each  point  is  T  seconds  from  the 
first  station  heard,  and  T  tf 
seconds  from  the  second  station 
heard.  Here  T  is  analogous  to  X 
above,  and  T  +  V  is  analogous  to 
X  +  K. 

Case  4.  They  may  be  pulsed  in 
sequence  and  the  locus  of  points  of 
fixed  differential  time  (t')  of  arrival 
is  that  line  in  which  each  point  is 
T  seconds  from  one  of  the  stations, 
and  T  +  t  +  tf  seconds  from  the 
other  station,  where  both  t'  and  t 
are  constants.  Again  T  is  analog¬ 
ous  to  X  and  T  +  t  +  f  is  analog¬ 
ous  to  X  -I-  K. 

Referring  now  to  Fig.  2,  Stations 
IB  and  2B  are  shown  with  a 
straight  line  D  drawn  between 
them.  The  actual  shape  of  course 
line  B  depends  not  only  on  X  and 
X  -f-  /(T  as  developed  above,  but  also 
on  the  length  of  D,  which  is  ap¬ 
parent  from  Fig.  2.  If  we  assume 
that  Station  2B  is  pulsed  before 
Station  IB,  then  in  accordance  with 
Case  2  above,  the  locus  of  points  of 
simultaneous  arrival  of  the  first 
arrival  signals  from  both  stations 
is  that  line  which  is  everywhere  X 
lineal  units  from  Station  IB  and 
X  +  K  lineal  units  from  Station  2B. 
This  locus  can  be  determined  as 
shown  in  Fig.  2,  using  one  of  the 
standard  methods  by  which  hyper¬ 
bolas  are  constructed  in  elementary 
descriptive  geometry.  The  distance 
D  being  fixed,  the  amount  of  curva¬ 
ture  of  the  hyperbola  drawn  is 
governed  by  the  value  of  the  con¬ 
stant  K,  which  is  to  say,  by  the  fixed 
amount  of  time  delay  between  puls¬ 
ing  of  the  two  generators  IB  and 
2B,  since  c  is  the  same  for  sound 
from  both  stations.  It  will  be  re¬ 
cognized  that  the  constant  K  repre¬ 
sents  an  identical  elapsed  time  in 
the  travel  of  both  signals  to  the 
observer.  It  will  likewise  be  appre- 


FIG.  5 — Incoming  cmd  outgoing  choxmeli 
con  be  indicated  by  obserring  time  dil- 
ierences 


FIG.  6 — Time  diiierence  indicator 


ciated  that  the  foregoing  discussion 
applies  equally  well  to  Cases  3  and 
4  mentioned  above,  being  under¬ 
stood  that  K  includes  also  the  fixed 
differential  time  of  arrival. 

When  the  bend  in  a  channel  is 
slight,  it  is  not  always  necessary  to 
curve  the  course  line  to  fit,  but, 
depending  on  the  width  of  the  chan¬ 
nel,  the  conditions  to  either  side  of 
it,  and  the  traffic  problem,  it  may 
often  be  satisfactory  merely  to  em¬ 
ploy  a  series  of  straight  course  lines 
having  different  respective  direc¬ 
tions.  Such  an  arrangement  is  that 
of  Fig.  3,  which  is  otherwise  the 
same  as  that  of  Fig.  1. 

Receiving  Equipment 

As  stated,  a  vessel  need  be  equip¬ 
ped  with  only  the  simplest  kind  of 
listening  apparatus  in  order  to  take 
some  advantage  of  the  system. 
Such  an  apparatus  might  comprise  a 
hydrophone  connected  to  a  suitable 
amplifier,  which  furnishes  output 
signals  to  a  loudspeaker.  The  hy¬ 


drophone  is  onmidirectional  in  con¬ 
struction  and  installation.  An  even 
simpler  arrangement,  a  stethoscope¬ 
like  listening  arrangement  known 
as  a  sea  tube  can  be  employed.  Or, 
in  a  more  elaborate  electronic  equip¬ 
ment  the  two  pulses  can  be  separ¬ 
ately  amplified  and  compared,  as  in 
the  arrangement  shown  in  Fig.  6. 
The  hydrophone  then  feeds  into  two 
filters  in  parallel,  each  of  which 
passes  only  the  frequency  of  one  of 
the  stations.  One  filter  is  set  for 
A  (600  cps)  and  the  other  filter  is 
set  for  ft  (900  cps).  Each  filter 
feeds  into  an  amplifier  which  pro¬ 
vides  two  separate  output  signals  at 
Oi  and  0„  respectively.  The  loud¬ 
speaker  is  provided  with  the  output 
of  both  amplifiers  simultaneously  by 
a  bridging  or  isolating  circuit  ar¬ 
rangement.  The  output  signals 
have  sufficiently  high  level  for  use 
in  an  automatic  electronic  time 
comparison  circuit.  Such  a  circuit 
is  shown  in  Fig.  7. 

Keying  the  Tronsmitters 

The  signal  generating  equipment 
is  composed  of  conventional  parts, 
as  in  Fig.  4A.  A  keying  device  or 
coder  controls  the  output  of  two 
transducers,  one  for  each  station  of 
a  pair.  The  coder  generally  com¬ 
prises  a  pair  of  switch  contacts  and 
a  motor-driven  commutator.  The 
commutator  has  a  group  of  switch 
segments  each  of  which  is  succes¬ 
sively  closed.  One  segment,  in  this 
instance,  is  of  a  given  length,  and 
the  other  two  are  longer  so  that 
when  the  commutator  is  rotated  in 
the  direction  indicated  by  the  arrow, 
the  code  letter  W  is  generated.  The 
coder  keys  two  drivers,  one  for  each 
of  the  two  transducers,  respectively. 
The  keying  signal  to  one  of  the  driv¬ 
ers  is  fed  through  a  device  that 
serves  to  delay  the  output  from  one 
transducer  with  respect  to  that 
from  the  other  transducer.  Thus,  if 
these  transducers  are  the  sound  pro¬ 
ducers  for  Stations  IB  and  2B  of 
Fig.  1  respectively,  the  system  of 
Fig.  4A  can  be  set  up  to  emit,  for 
each  keying  operation  of  the  coder, 
a  pulse  from  Station  2B  and  there¬ 
after  a  pulse  from  Station  IB,  the 
time  between  these  pulses  being 
controlled  by  the  delay  device.  The 
delay  device  can  be  omitted  where  a 
straight  path  (Stations  A  or  C)  is 
desired,  or  placed  in  the  line  to  the 
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other  driver  if  the  curvature  of  the 
path  is  to  be  reversed. 

The  possibility  of  confusion  when 
the  navigator  is  transferring  his 
observations  from  one  pair  of  sta¬ 
tions  to  the  next  pair  along  his  path 
has  already  been  noted.  The  ar¬ 
rangements  shown  in  Fig.  4  are 
provided  to  eliminate  such  con¬ 
fusion  completely,  and  are  par¬ 
ticularly  valuable  in  crowded 
harbors  or  in  channels  where  the 
region  to  either  side  is  dangerous. 
To  enable  a  navigator  to  distinguish 
between  sets  of  stations,  the  various 
pairs  may  be  provided  with  charac¬ 
teristic  codes.  Thus,  the  A  stations 
may  be  pulsed  with  a  dash,  while 
the  B  stations  may  be  pulsed  with 
two  dots,  and  the  C  stations  with  a 
dot  and  a  dash. 

Confusion  between  adjacent  pairs 
of  stations  can  be  minimized  also 
with  the  system  shown  in  Fig.  4B. 
There  each  of  the  pairs  of  stations 
is  brought  to  a  commutator  switch 
driven  by  a  motor.  The  switch 
functions  in  the  usual  manner  to 
key  the  pairs  of  stations  in  succes¬ 
sion,  one  pair  at  a  time.  Keying  is 
maintained  at  a  low  repetition  rate 
so  that  a  navigator  will  not  hear 
the  signals  of  two  pairs  of  stations 
together.  This  arrangement  also 
permits  reverberations  to  die  out 
between  the  keying  of  adjacent  sta¬ 
tions.  The  arrangement  of  Fig.  4B 
also  enables  a  navigator  to  pick  out 
the  signals  of  the  next  pair  of  sta¬ 
tions  that  he  is  going  to  use  before 
he  begins  actually  to  use  them. 

In  Fig.  4C  the  coding  arrange¬ 
ment  of  4A  is  incorporated  into  the 
system  of  4B  by  placing  individual 
coders  in  the  lines  between  the  com¬ 
mutator  and  the  pairs  of  stations, 
thereby  keying  the  respective  pairs 
of  stations  through  their  own  indi¬ 
vidual  coders. 

Multichannel  Navigation 

Now,  by  arbitrarily  choosing  two 
sets  of  particular  fixed  time  differ¬ 
ences  and  orders  of  arrival  for  each 
pair  of  stations,  two  separate 
marked  paths  can  be  provided  for 
incoming  and  outgoing  traffic. 
Figure  5  illustrates  how  an  incom¬ 
ing  course  line  I  and  an  outgoing 
course  line  0  are  provided  in  the 
same  channel,  so  that  two-way 
traffic  can  be  handled.  The  incom¬ 
ing  course  line  I  is  made  up  of  sec¬ 


FIG.  7 — Circuit  diagram  of  metering  circuit  used  with  time  diiierence  indicator 


tion  I-A  for  stations  lA  and  2A, 
section  I-B  for  Stations  IB  and  2B, 
and  section  I-C  for  Stations  1C  and 
2C.  Similarly,  the  outgoing  course 
line  is  made  up  of  sections  0-C,  0-B, 
and  0-A.  Each  section  of  each 
course  line  has  a  predetermined 
fixed  time  difference  and  order  of 
arrival  for  the  pulses  from  its  pair 
of  stations. 

Where  the  channel  is  straight  or 
nearly  so,  the  stations  of  a  pair  are 
pulsed  simultaneously,  as  in  Case  8. 
Such  stations  are.the  A  stations  and 
the  C  stations.  A  navigator  nego¬ 
tiating  the  incoming  course  line  I 
is  then  in  a  position  to  hear  the  No. 
2  member  of  each  of  these  pairs 
first,  while  on  the  outgoing  course 
line  O  he  will  be  in  a  position  to 
hear  the  No.  1  member  first.  Where 
the  channel  curves  to  an  appre¬ 
ciable  degree,  the  two  B  stations 
are  pulsed  in  sequence  (as  in  Fig. 
1).  Then  Case  4  applies,  and  the 
navigator  on  the  incoming  course 
line  negotiates  a  path  that  is  nearer 
to  the  No.  2  station  than  to  the 
No.  1  station;  even  nearer  than  is 
the  corresponding  course  section 
B  in  Fig.  1.  As  a  result,  the  signal 
from  Station  2B  not  only  starts 
first,  but  also  arrives  first.  Refer¬ 
ring  again  to  Fig.  2,  it  is  recalled 
that  circles  and  X,  exist  simul¬ 
taneously,  while  Fi  and  F,  exist 
simultaneously,  and  the  same  is  true 
of  Z,  and  Z,.  However,  if  the  navi¬ 
gator  is  to  occupy  a  position  such 


that  the  wavefront  represented  by 
circle  Xt  passes  him  first,  and  then, 
a  fixed  time  later  the  wavefront 
represented  by  circle  Fi  passes, 
which  is  the  condition  when  he 
negotiates  incoming  course  section 
I-B,  then  the  line  that  determines 
section  I-B  is  the  locus  of  points 
Li,  L,,  L,  and  Lt,  which  has  consid¬ 
erably  less  curvature  than  line  B. 

This  is  to  be  expected,  for  the  curva¬ 
ture  that  is  imparted  to  line  B  by 
starting  the  pulse  from  2B  prior  to 
IB  and  receiving  them  simultane¬ 
ously  is  changed  in  Fig.  6  by  receiv¬ 
ing  the  pulse  from  2B  prior  to  the 
pulse  from  IB.  For  the  same  reas¬ 
ons,  the  outgoing  course  section 
0-B  has  a  more  pronounced  curva¬ 
ture  than  line  B  in  Fig.  1,  for  here 
the  pulse  from  2B  is  not  only  started 
earlier  than  the  IB  pulse,  but  it  is 
also  received  later.  From  the  navi¬ 
gator’s  point  of  view,  the  effect  is 
the  same  as  on  the  straight 
stretches  of  the  channel;  on  the 
incoming  course  the  Station  2B 
pulse  arrives  first,  and  on  the  out¬ 
going  course  the  IB  pulse  arrives 
first. 

Thus  the  navigator  may  regard 
the  course  line  in  Fig.  1  as  the 
center-line  of  a  highway,  and  by 
keeping  the  pulses  of  one  pitch  com¬ 
ing  in  before  the  pulses  of  another 
pitch,  he  keeps  to  the  right  of  the 
center  line.  From  his  charts,  he  can 
determine  exactly  what  the  time 
difference  should  be  for  each  pair  | 
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FIG.  8 — WoTeiorm  otcillogramt  in  time 
difference  circuit 

of  stations  to  keep  himself  in  the 
best  path  to  the  right  of  center.  The 
time  differences  that  he  must  ob¬ 
serve  for  each  line  for  each  pair  of 
stations  will  be  furnished  to  the 
navigator  in  advance  as  part  of  his 
instructions  for  conduct  while  en¬ 
tering  and  leaving  the  harbor.  He 
may  employ  the  arrangement  shown 
in  Fig.  6  for  determining  that  he 
is  on  a  proper  course  line  section. 
Such  an  arrangement  is  particularly 
valuable  in  that  it  tends  to  reject 
,  extraneous  noise  signals,  such  as 
I  propeller  noises  from  other  ships. 
With  this  apparatus,  the  ear  alone 
can  be  depended  upon  to  recognize 
and  maintain  a  small  time  differ¬ 
ence  between  two  signals  of  a  pair 
g  of  stations,  making  possible  safe 
P  navigation  with  very  simple  listen¬ 
ing  apparatus.  For  accurate  meas¬ 
urement  of  the  time  difference, 

*  however,  the  navigator  can  employ 
the  indicator  shown  in  Fig.  7. 

This  time  difference  indicator 
employs  two  identical  channels,  one 
connected  to  output  0,  and  the  other 
to  output  0,  of  Fig.  6,  in  each  of 
which  there  is  generated  a  single 
i  voltage  pulse  trigger  in  response  to 
the  first  arrival  signal  from  the 
corresponding  station  of  the  pair 
under  observation.  Each  pulse  trig¬ 
ger  initiates  a  sawtooth  voltage 
I  wave  in  its  own  channel  and  controls 
a  normally  open  gate  stage  in  the 
other  channel.  The  output  of  the 


sawtooth  voltage  stage  of  each  chan¬ 
nel  is  momentarily  made  available, 
through  the  gate  circuit  of  that 
channel,  to  a  meter  into  which  both . 
channels  feed,  and  which  indicates 
the  amount  and  sense  of  the  time 
difference.  Since  both  signal  chan¬ 
nels  are  identical,  only  one  need  be 
described. 

Channel  Indicator  Circuit 

Each  signal  channel  includes  a 
one-shot  multivibrator,  a  differ¬ 
entiating  circuit,  a  sawtooth  sweep 
generator,  a  gate  circuity  and  an 
output  pulse  transformer.  The 
multivibrator  is  set  up  so  that  the 
first  triode  is  normally  conducting 
in  the  absence  of  signals.  A  diode 
is  provided  in  the  input  circuit  of 
the  one-shot  multivibrator  and  con¬ 
nected  so  that  negative  voltages 
only  appear  on  the  control  grid  of 
the  normally  conducting  triode  in 
response  to  signals  from  the  station 
under  observation.  As  shown  in 
Fig.  8,  at  A,  the  signal  from  a  sta¬ 
tion  consists  of  a  first  arrival  wave 
train  of  comparatively  large  ampli¬ 
tude,  plus  reverberations.  The  nega¬ 
tive  portion  of  this  signal,  shown 
at  B,  appears  on  the  grid  of  the 
triode.  This  signal  initiates  the 
action  of  the  one-shot  multivibrator 
whose  time  constants  are  set  up  to 
be  long  enough  to  prevent  reversal 
until  all  reverberations  and  other 
signals  have  disappeared.  The  dif¬ 
ferentiating  circuit  has  a  time  con¬ 
stant  C,i?i  of  the  order  of  1  milli¬ 
second,  and  produces  a  short  posi¬ 
tive  pulse  across  Ri  marking  the 
leading  edge  of  the  multivibrator 
reversal  (C).  This  pulse  is  shown 
at  D. 

The  sweep  generator  is  an  RC 
circuit  (RiCt)  triggered  by  a  thy- 
ratron.  The  control  grid  of  the  thy- 
ratron  is  triggered  by  the  differ¬ 
entiating  circuit  RiCi.  Thus,  a 
semisawtooth  voltage  wave  is  pro¬ 
vided  as  shown  at  E.  The  sawtooth 
voltage  wave  is  sampled  by  a  gate 
circuit. 

A  diode  clamp  is  connected  across 
the  output  of  the  sweep  generator 
on  the  isolated  side  of  the  channel. 
The  sweep  voltage  that  is  available 
to  the  gate  circuit  is  shown  at  F. 
This  sweep  voltage  starts  at  the  zero 
level  because  of  the  diode  clamp. 

The  gate  circuit  is  a  conventional 
back-to-back  triode  gate.  Each  sec¬ 


tion  is  biased  to  cutoff,  as  shown, 
and  is  provided  with  a  grid-input- 
control  pulse  transformer.  The  Oi 
channel  gate  is  connected  to  the  dif¬ 
ferentiating  circuit  of  the  0,  chan¬ 
nel,  and  the  0.  channel  gate  is  con¬ 
nected  to  the  differentiating  circuit 
of  the  Oi  channel.  Thus  the  Oi 
channel  gate  is  controlled  by  the 
positive  pulse  fiom  the  0,  channel, 
and  the  0,  channel  gate  is  controlled 
by  the  Oi  channel. 

The  secondary  windings  of  the 
output  pulse  transformers  of  the 
Oi  and  Ot  channels  respectively  are 
connected  to  a  normally  centered 
meter  which  is  deflected  to  one  side 
or  the  other  depending  on  the  mag¬ 
nitude  and  direction  of  the  output 
signal.  The  two  secondary  wind¬ 
ings  are  so  phased  that  their  output 
signals-  deflect  the  meter  needle  in 
opposite  directions,  and  each  is  con¬ 
nected  to  the  meter  through  a  suit¬ 
able  rectifier. 

If  the  two  first  arrival  signals 
from  a  pair  of  stations  are  picked  up 
in  sequence,  one  is  fed  through  Oi 
to  one  channel,  while  the  other  is 
fed  through  0,  to  the  other  channel. 
The  pulse  trigger  (Fig.  8D)  which 
corresponds  to  the  first  signal  opens 
the  gate  in  the  second  channel,  but 
since  the  second  channel  has  not  yet 
received  any  signal,  there  is  no 
sweep  voltage  to  be  sampled  through 
the  opened  gate.  This  same  pulse, 
however,  starts  the  sawtooth  wave 
in  its  own  signal  channel.  There¬ 
after,  the  trigger  pulse  from  the 
second  channel  opens  the  gate  in 
the  first  channel  and  a  pulse  having 
a  peak  voltage  determined  by  the 
instantaneous  level  of  the  sawtooth 
voltage  in  the  first  channel  is  ap¬ 
plied  to  the  output  circuit.  Thus, 
the  sampled  output  of  only  one  of 
the  sweeps  is  applied  to  the  meter, 
namely,  that  which  comes  from  the 
signal  channel  carrying  the  first 
signal  received,  and  the  voltage  level 
at  which  it  is  applied  is  determined 
by  the  time  difference  between  the 
two  signals.  If  the  two  signals  are 
received  simultaneously,  both  trig¬ 
ger  pulses  occur  simultaneously  and 
the  meter  will  not  deflect.  The  loud¬ 
speaker  will  at  all  times  furnish  the 
information  that  the  signals  are 
being  received,  so  that  an  operator 
need  refer  to  the  meter  only  at 
intervals  to  secure  an  accurate 
measurement  of  the  time  difference. 
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Low-Distoition 


Evidently,  a  much  higher  pri¬ 
mary  inductance  is  required  for 
reasonable  distortion  than  would  be 
required  merely  to  -give  a  flat 
response. 

The  circuit  of  Fig.  lA  is  an  ap¬ 
proximate  equivalent  of  a  tube  are  again  attenuated  in  their  trans¬ 
source  Gi  having  a  tube  impedance  mission  back  to  the  impedance  of 
Rf,  feeding  a  transformer  having  a  the  tubes. . 

winding  resistance  Rt  and  primary  Obviously,  both  these  effects  re¬ 
inductance  L.  The  distortion  com-  duce  the  distortion  which  can  be 
ponents  are  considered  as  being  fed  to  the  high-frequency  channel, 
produced  by  generator  This  The  most  annoying  distortion  gen- 
added  generator  produces  harmonic  erally  appears  as  a  form  of  high- 
voltages  and  intermodulation  prod-  frequency  noise,  and  reduction  of 
ucts.  transmission  of  low-channel  dis- 

The  crossover  network  arrange-  tortion  to  the  high  channel  reduce.*! 
ment  of  Fig.  IB  accomplishes  two  this  form  of  distortion, 
major  purposes.  First,  the  low-  This  network  system,  by  limiting 
pass  filter  Li  —  Cx  attenuates  high  the  distortion  produced  by  the  non¬ 
frequencies  propagating  in  either  linear  exciting  current  of  the  low- 
direction.  Voltages  produced  by  G,  frequency  output  transformer  and 
are  attenuated  before  reaching  tube  by  limiting  the  transmission  of  such 
impedance  Rp,  so  that  relatively  less  distortion  back  into  the  rest  of  the 
distortion  voltage  is  available  at  Rp  system,  offers  a  double-dose  cure 
for  transmission  to  the  high-pass  for  over-all  distortion, 
channel.  The  network  of  Fig.  2  has  al- 

Second,  Lx  —  Cx  attenuates  high  ready  been  described  in  some  de¬ 
frequencies  from  Gx  propagating  tail.^  This  circuit  was  originally 
to  the  transformer,  so  that  a  nar-  developed  primarily  for  purposes  of 
row  range  of  frequencies  is  received  economy.  Since  the  original  publi- 
by  T,.  The  modulation  products  cation,  some  of  the  reasons  for  the 
generated  in  Tx  (represented  by  G,)  superior  performance  have  been 
are  therefore  of  lower  order  than  studied,  with  the  result  that  the  ad- 
would  be  the  case  if  the  trans-  vantage  of  lower  distortion  is  now 
former  were  required  to  handle  the  recognized  as  of  greater  importance 
entire  spectrum.  Furthermore,  than  the  reduced  cost. 

such  modulation  products  from  G,  , 

Numerical  Example 

-  -  For  the  conventional  tube  output 

■  L,  .  circuit  one  may  set  up  transformer 

requirements.  Taking  the  exciting 
J  s  current  as  composed  of  a  funda- 

">T  !  1  mental  component  h  =  E/ioL  and 

a  third  harmonic  content  /.  = 
(1/3)  Ix,  consider  a  tube  source 
with  Rp  of  2,000  ohms  working  into 
a  load  of  5,000  ohms,  and  consider 
a  low-end  cutoff  of  31  cycles.  As¬ 
sume  we  want  to  limit  third  har¬ 
monic  distortion  to  0.6  percent  or 
0.005  per-unit  of  the  fundamental. 

The  inductance  can  be  deter¬ 
mined  from 

L  =  Rp/Zii^x  D  (1) 
where  L  is  the  primary  inductance 
of  the  transformer,  Rp  is  the  plate 


Transformers  are  recognizable 
as  sources  of  distortion  due  to 
the  nonlinearity  of  the  inductance, 
which  gives  rise  to  an  exciting  cur¬ 
rent  that  contains  components  other 
than  the  fundamental.  The  same 
nonlinearity  also  produces  inter¬ 
modulation  distortion. 

The  crossover  network  can  be 
used  to  reduce  transformer  distor¬ 
tion  by  placing  at  least  part  of  the 
low-pass  filter  between  the  power 
source  and  the  low-frequency  out¬ 
put  transformer,  instead  of  be¬ 
tween  the  output  transformer  and 
the  load. 

Consider  an  output  transformer 
operating  between  a  high-imped¬ 
ance  tube  source  and  a  5,000-ohm 
load  (referred  to  the  primary  side). 
Assume  the  primary  inductance  to 
be  26  henrys.  At  30  cycles  o)  =  190 
and  (oL  =  5,000.  The  shunt  re¬ 
active  load,  equal  to  the  resistive 
load,  would  produce  a  response 
which  is  3  db  down  at  30  cycles. 
This  is  considered  good  response. 

Next  consider  that  the  exciting 
current  contains  a  considerable 
harmonic  content.  At  ordinary 
power  levels  the  third  harmonic 
would  typically  be  about  one-third 
the  amount  of  the  fundamental  cur¬ 
rent.  This  harmonic  current,  flow¬ 
ing  in  the  generator  impedance, 
produces  a  distortion  voltage  which 
is  then  fed  to  some  other  load,  such 
as  a  high-frequency  channel. 


Klipsch  and  Associate.^ 
Hope,  Arkansas 
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FIG.  1 — EquiTolent  circuit  of  output  tube,  and  recommended  croesoTer  network 
arrangement  for  reducing  diitortion  due  to  inductance  of  output  transformer 
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Crossover  Network 


If  placed  between  the  output  stage  and  the  low-frequency  output  transformer,  an  audio 
crossover  network  for  woofer-tweeter  loudspeakers  reduces  distortion  due  to  nonlinear¬ 
ity  <d  transformer  inductance  and  makes  special  transformer  designs  unnecessary 


impedance,  u),  is  the  angular  veloc¬ 
ity  of  the  lowest  frequency,  and 
D  is  the  per-unit  distortion.  (Dis¬ 
tortion  D  is  the  product  of  the 
harmonic  component  of  exciting 
current  times  the  tube  impedance, 
divided  by  the  fundamental  voltage. 
The  exciting  current  (funda¬ 
mental)  was  It  =  E/iOtL.  la  is 
taken  as  /,/3,  so  /,  =  E/Z(atL. 
IJif  —  DE  so  D  =  l/3a>iL  or  L  = 
l/3o),D.) 

Putting  in  numerical  values,  L  = 
2,000/3  x  200  x  0.005  =  667  henrys. 
This  is  a  difficult  value  to  achieve, 
doubly  so  if  the  leakage  inductance 
is  to  be  held  to  a  minimum  dictated 
by  a  top  limit  of  transmission  of 
say  15,000  cycles. 

If  the  transformer  is  required  to 
transmit  only  the  lower  part  of  the 
total  spectrum  the  leakage  induct¬ 
ance  limitation  is  removed  and  a 
transformer  with  realizable  ratio  of 
primary-to-leakage  inductance  can 
be  designed.  Therefore,  placing  the 
low-pass  filter  ahead  of  the  trans¬ 
former  relaxes  its  design  require¬ 
ments  relative  to  maximum  pri¬ 
mary-to-leakage  inductance  ratio. 

Placing  the  filter  ahead  of  the 
transformer  also  reduces  the  re¬ 
quired  primary  inductance  for  a 
stipulated  distortion.  First,  the 
filter  attenuates  in  each  direction, 
so  that  harmonics  and  other  dis¬ 
tortion  products  arising  in  the 
transformer  are  attenuated  before 
getting  back  to  the  generator  where 
they  can  be  transmitted  to  the  high 
channel.  Second,  the  higher  fre¬ 
quencies  are  attenuated  in  a  for¬ 
ward  direction  so  that  the  dis¬ 
tortion  products  arising  in  the 
transformer  are  of  low  order. 

Thus,  conventional  transformers 
with  primary  inductance  values  of 
the  order  of  100  to  200  henrys  can 
be  used,  instead  of  special  designs 
with  values  like  667  henrys.  Fur- 

!  ther,  since  the  transformer  is  re- 

! 
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quired  to  transmit  only  up  to  the 
crossover  frequency,  say  500  cycles, 
the  leakage  inductance  is  not  a 
severe  design  requirement  and  the 
transformer  may  be  a  relatively 
low-priced  unit. 

• 

Appendix 

An  examination  of  Eq.  1  and  its 
derivation  indicates  the  desirability 
of  keeping  the  plate  impedance  low. 
Triodes,  with  or  without  feedback, 
and  the  more  efficient  beam  tubes 
with  voltage  feedback,  both  offer 
the  desirable  low  impedance.  Either 
can  be  designed  for  any  desired 
characteristics.  It  should  be  noted, 
however,  that  reducing  the  driver 
stage  impedance  to  zero  would  still 
leave  the  transformer  winding  re¬ 
sistance,  so  a  loudspeaker  w'ould 
never  look  back  into  zero  impedance. 

In  the  numerical  example,  the 
figures  chosen  would  apply  either 
to  a  pair  of  2A3  (6B4G)  tubes  in 
push-pull  without  feedback,  or  to  a 
pair  of  6L6  tubes  with  about  15  db 
of  voltage  feedback. 

To  reduce  the  plate  impedance  to 
zero  or  near  zero  values  might  ap¬ 
pear  to  be  highly  desirable.  How¬ 
ever,  the  characteristics  of  the 
driven  loudspeakers  are  such  that 
some  source  impedance  is  desirable. 
Even  in  highly  developed  horn 
loudspeakers,  the  efficiency  and 
impedance  vary,  and  the  source 
impedance  tends  to  smooth  out  the 
resulting  response.  In  the  case  of 
direct  radiators  with  the  20  to  1 
variations  in  impedance  a  constant- 
voltage  source  is  not  the  best. 

Thus,  feedback  to  reduce  output 
impedance  would  appear  capable  of 
being  carried  too  far.  Feedback  for 
distortion  reduction  can  be  applied 
simultaneously  as  voltage  feedback 
which  tends  to  reduce  the  tube  im¬ 
pedance  (make  it  constant  voltage) 
and  current  feedback  which  tends 
to  increase  the  impedance  (make 


the  source  constant  current).  A 
happy  combination  of  the  two 
might  prove  to  be  the  best  overall. 

Here  one  is  faced  with  the  desir¬ 
ability  of  an  optimum  impedance 
for  operation  of  the  loudspeakers, 
and  a  minimum  impedance  from 
the  standpoint  of  distortion  in  the 
transformers.  The  crossover  ar¬ 
rangement  di.scussed  here  offers  the 
possibility  of  minimizing  trans¬ 
former  distortion  while  maintain¬ 
ing  the  tube  impedance  at  optimum 
levels  from  the  standpoint  of  loud¬ 
speaker  operation  and  distortion. 

Either  voltage  or  current  feed¬ 
back  reduces  distortion  in  the  tube 
system  (and  both  together  reduce 
distortion  to  the  same  extent  as 
would  the  same  amount  of  total 
feedback  of  either  type  by  itself). 
A  combination  of  both  affords  any 
desired  impedance,  so  it  appears 
that  the  designer  is  free  to  design 
the  amplifier  for  optimum  loud¬ 
speaker  performance,  relying  on  the 
described  crossover  to  hold  the  dis¬ 
tortion  from  reasonably  good  trans¬ 
formers  within  tolerable  levels. 

In  the  numerical  example,  a  low 
cutoff  of  31  cycles  was  chosen. 
There  are  very  few  loudspeakers 
that  will  reproduce  a  30-cycle  fun¬ 
damental.  If  one  is  dealing  with 
direct  radiators  of  moderate  size 
cutting  off  around  70  to  90  cycles, 
the  improvements  afforded  by  the 
present  crossover  will  be  but 
slightly  noticeable.  But  if  one 
starts  working  with  organ  repro¬ 
duction  or  generation  where  low-C 
performance  is  demanded,  some 
very  annoying  distortions  crop  up. 
It  is  particularly  for  the  users  of 
reproducers  capable  of  30-cycle  per¬ 
formance*  that  this  article  is 
written. 
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Light-Flash  Generator 


Flash  repetition  rate  may  be  continuously  varied  between  12  per  minute  and  150  per 
second.'  Flash  duration  is  continuously  variable  from  400  microseconds  to  2  seconds.  Either 
of  two  light  sources  may  be  made  to  precede  the  other 
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FIG.  1 — Waveform  of  400-microsecond  light  flash 


IN  MANY  FIELDS  of  visual  research, 
a  convenient  method  of  generat¬ 
ing  controllable  light  flashes  is  de¬ 
sired.  For  example,  studies  of 
flicker  can  be  greatly  simplified  if 
a  system  is  available  for  the  produc¬ 
tion  of  a  repetitive  light  flash  which 
can  be  varied  in  duty  cycle  without 
changing  its  rate  of  presentation. 

The  problem  of  producing  such  a 
flash  by  mechanical  means  is  a  diffi¬ 
cult  one  if  flexibility  of  adjustment 
is  required.  To  overcome  many  of 
the  problems  associated  with  a  sys¬ 
tem  of  this  nature,  an  electronic 
flash  system  has  been  developed  and 
is  described  in  detail  in  this  paper. 

General  Description 

The  equipment  was  designed  to 
permit  presentation  of  one  or  two 
light-flash  sources.  These  light- 
flash  sources  may  be  presented  at 
repetition  rates  continuously  vari¬ 
able  from  one  flash  in  five  seconds  to 
150  flashes  per  second.  The  dura¬ 
tion  of  each  flash  is  continuously 
variable  from  a  minimum  value  of 
400  microseconds  to  a  maximum  of 
90  percent  of  the  period  of  presenta¬ 
tion,  or  about  2  seconds.  Either  of 
the  two  flash  sources  may  be  decayed 
in  time  of  presentation  with  respect 


to  the  other  from  a  minimum  value 
of  1  millisecond  to  a  maximum  of 
two  seconds,  the  maximum  available 
delay  time  being  limited  at  all  times 
to  the  difference  between  the  period 
of  repetition  and  the  duration  of  the 
flash. 

The  light  flashes  are  produced  by 
exciting  a  facsimile  recording  light 
source  of  the  glow-modulator  type, 
such  as  the  Sylvania  R1131,  with  a 
voltage  of  rectangular  waveform 
and  of  the  desired  duration.  The 
tubes  are  of  the  hollow-cathode  or 
crater  type 'which  produce  a  high 
ionization  density  when  excited. 
They  are  designed  in  such  a  manner 
that  this  discharge  is  viewed  in 
depth,  thus  giving  a  resultant  flash 
of  high  intensity  having  spectral 
characteristics  determined  mainly 
by  the  type  of  gas  employed  and  the 
ionizing  current.  In  this  applica¬ 
tion,  the  tubes  are  operated  so  that 
a  considerable  portion  of  the  output 
energy  lies  in  the  visible  spectrum. 

Examination  of  the  flash  under 
dynamic  conditions  has  indicated 
that  there  is  no  apparent  shift  in 
spectral  characteristics  during  the 
flash  period.  Measurements  were 
made  by  viewing  the  flash  with  a 
spectrally  selective  photometer^  and 


examining  the  electrical  output  of 
the  photometer  on  the  screen  of  a 
cathode-ray  tube.  A  typical  wave¬ 
form  obtained  by  this  method  i.s 
shown  in  Fig.  1.  The  minimum 
pulse  length  of  400  microsecond!^ 
was  purposely  chosen  to  illustrate 
the  rapid  build  up  and  decay  time  of 
the  flash. 

Basic  Operation 

To  demonstrate  the  basic  opera¬ 
tion  of  the  individual  timing  cir¬ 
cuits  a  functional  block  diagram  of 
the  equipment  is  given  in  Fig.  2. 
The  voltage  waveforms  appearing 
at  various  points  in  this  diagram 
are  represented  by  Roman  numerals. 
The  numbers  also  appear  frequently 
throughout  the  paper  and  refer 
to  the  correspondingly  numbered 
waveforms  given  on  the  timing 
chart  in  Fig.  3. 

The  repetition-rate  multivibrator 
shown  in  the  functional  block  dia¬ 
gram  provides  an  adjustable-fre¬ 
quency  square  wave  (waveform  I) 
from  which  a  reference  timing-trig- 


This  work  was  carried  out  in  the  Elec¬ 
trical  Engineering  Laboratories  of  The 
Johns  Hopkins  University  under  Task 
Order  No.  1  of  Contract  .N5-orl-166  be* 
tween  Special  Devices  Center,  Offlc* 
Naval  Research,  and  The  John  Hopkins 
University. 
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FIG.  2— Functional  block  diagram  of  light-flash  generator 


ger  pulse  (waveform  II)  is  obtained 
for  the  system.  This  voltage  is  con¬ 
nected  to  the  upper  left  terminal  of 
the  reversing  switch  labeled  Chan¬ 
nel  Timing  Switch  and  also  is  ap¬ 
plied  to  the  delay  multivibrator 
as  shown.  In  the  latter  circuit  the 
reference  trigger  is  delayed  to  pro¬ 
vide  a  second  timing  pulse  wave¬ 
form  IV  similar  in  every  respect 
to  the  timing  trigger  pulse  but 
occurring  at  a  subsequent  time, 

The  delayed  trigger  is  connected  to 
the  lower  left  terminal  of  the  chan¬ 
nel  timing  switch  and  the  output 
terminals  of  the  switch  are  con¬ 
nected  to  the  flash-generating  cir¬ 
cuits  in  the  manner  shown  in  the 
diagram. 

Each  of  the  flash-generator  cir¬ 
cuits  consists  of  a  single-cycle 
square-wave  generator  which  is 
cycled  by  the  timing  trigger  appear¬ 
ing  on  its  input  line.  The  output 
voltage  of  each  of  these  circuits  is 
developed  across  the  flash  tube  in 
sufficient  amplitude  to  permit  the 
desired  light  intensity  level  to  be 
realized.  Since  the  flashes  in  each 
channel  are  initiated  by  the  trigger 
pulses  connected  to  their  respective 
inputs,  it  can  be  seen  that  when  the 
channel  timing  switch  is  in  the  left- 
hand  position,  the  flash  in  channel 
A  (waveform  V)  is  cycled  by  the 
reference  trigger  (waveform  11) 
and  thus  occurs  at  f..  The  flash  in 
channel  B  is  initiated  by  the'delayed 
trigger  and  therefore  occurs  at  f*. 
When  the  switch  is  in  the  right- 
hand  position  the  flashes  are  re¬ 
versed  in  order  of  presentation 


(channel  A  has  waveform  VI), 
thereby  providing  an  extremely  use¬ 
ful  device  for  temporal  discrimina¬ 
tion  studies. 

Reference  And  Triggers 

The  circuits  of  the  reference  and 
delayed -trigger  sources  are  shown 
schematically  in  Fig.  4. 

The  period  of  the  reference  trig¬ 
ger  is  established  by  a  cathode- 
coupled  free-running  multivibrator, 
Vi,  whose  period  is  determined  by 
the  R-C  time-constant  of  its  grid 
circuit.  Coarse  adjustments  of  rep¬ 
etition  rate  can  be  made  in  five  steps 
by  means  of  the  capacitor  selector 
switch  Si,  and  fine  adjustments  by 
means  of  the  linear  potentiometer 
R,.  The  value  of  Ri  was  so  chosen 
as  to  limit  the  ratio  of  maximum  to 
minimum  period  on  any  range  set¬ 
ting  to  a  value  of  six.  This  value 
represents  the  approximate  limit  of 
the  ratio  for  continuously  adjust¬ 
able  periods  without  introducing 
amplitude  distortion  of  the  multi¬ 
vibrator  output  voltage. 

The  output  of  V.B  (waveform  I) 
is  differentiated  and  negatively  clip¬ 
ped  by  the  combined  action  of  C,,, 
R.:,  Ri,  and  the  series-diode  clipper 
VjA.  Additional  clipping  action  is 
provided  by  the  inverted  diode  V,„, 
so  that  the  absence  of  any  negative 
voltage  at  the  grid  of  is  assured. 
The  voltage  appearing  at  the  ca¬ 
thode  of  Fjb  is  therefore  a  positive 
trigger  (waveform  II)  which  serves 
as  a  reference  timing  voltage  for 
the  system.  The  synchronizing 

trigger  voltage  is  applied  to  the 


single-cycle  delay  multivibrator,  F,. 
The  components  of  this  circuit  were 
selected  so  that  Fjb  is  normally  con¬ 
ducting  and  Fm  normally  cut  off. 
When  the  synchronizing  trigger  ar¬ 
rives  at  the  grid  of  F^  these  condi¬ 
tions  are  abruptly  reversed  by  the 
combined  action  of  the  feedback 
paths  supplied  by  R^  and  the  se¬ 
lected  capacitor  in  the  bank  con¬ 
trolled  by  Sj.  Tube  F^a  is  therefore 
conducting  and  F,b  cut  off,  a  condi¬ 
tion  which  is  maintained  until  the 
grid  potential  of  F^  rises  above  the 
cfitoff  level.  When  this  occurs,  the 
conditions  are  again  abruptly  re¬ 
versed,  thus  returning  the  circuit 
to  its  original  state. 

During  the  operating  cycle,  the 
current  through  the  common  cath¬ 
ode  resistor  Rt  is  less  than  the 
normal  quiescent  current,  since  the 
tubes  F,a  and  F,b  are  operated  with 
different  circuit  components  and 
under  different  bias  conditions.  The 
voltage  appearing  at  the  cathode  of 
Fa  (waveform  III)  is  therefore  a 
negative  square  wave  with  leading 
edge  coincident  with  the  reference 
trigger  (t.)  and  trailing  edge  oc¬ 
curring  at  ti,  the  time  ta  —  t,  being 
established  by  the  multivibrator 
cycle  duration.  In  order  that  this 
delay  time  be  realized  in  useful 
form,  the  square  wave  is  differenti¬ 
ated  and  negatively  clipped  by  C,,., 
Rm,  Ru,  and  F.,  thereby  creating  a 
second  positive  trigger  (waveform 
IV)  delayed  with  respect  to  the 
reference  trigger.  Variations  in 
the  multivibrator  cycle  duration 
thereby  produce  corresponding  vari¬ 
ations  in  the  time  spacing  of  the 
two  synchronizing  triggers.  Since 
this  time  is  determined  by  the  ex¬ 
ponential  decay  of  the  grid  potential 
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of  adjustments  of  the  R-C  time 
constant  in  this  circuit  produce  di¬ 
rect  variations  of  delay  time.  These 
adjustments  can  be  made  in  five 
overlapping:  ranges  by  means  of  the 
capacitor  selector  switch  Si  and  the 
linear  potentiometer  the  com¬ 
bination  providing  continuous  con¬ 
trol  of  delay  time  in  the  available 
range. 

Flash  Circuits 

The  two  trigger  sources  are  con¬ 
nected  to  the  two  flash-generating 
circuits,  included  in  Fig.  4,  through 
the  double-pole  reversing  switch  S*. 
Since  both  channels  operate  identi¬ 
cally  in  every  respect,  the  circuit 
description  to  follow  will  be  con¬ 
fined  to  channel  I,  the  channel  shown 
in  the  upper-right  portion  of  the 
diagram.  The  twin  triode  K,  and 
its  associated  circuit  elements  con¬ 
stitute  another  single-cycle  multi¬ 
vibrator  whose  operation  is  identi¬ 
cal  to  that  of  the  previously  de¬ 
scribed  delay  multivibrator  W  The 
output  of  this  circuit,  however,  is 
obtained  from  the  plate  of  the 
normally-conducting  tube  y*B.  Cyc¬ 
ling  of  the  circuit  by  the  application 
of  a  positive  trigger  of  sufficient 
amplitude  will  therefore  initiate  a 
positive-going  rectangular  wave  at 
the  plate  of  this  tube  (waveform 
V),  the  duration  of  the  cycle  being 
dependent  upon  the  R-C  time-con¬ 
stant  in  the  grid  circuit  of  Vn. 

The  output  voltage  of  Va  is  ap¬ 
plied  to  one  terminal  of  a  voltage- 
divider  network  composed  of  Rm, 
Rtt,  and  the  opposite  end  being 
returned  to  the  negative  150-volt 


supply.  The  variable  tap  on  Rr,  is 
connected  to  the  control  grid  of  Vi, 
a  triode-connected  beam-power  tube 
whose  plate  load  impedance  consists 
of  the  glow-modulator  flash  tube, 
y».  Continuous  excitation  of  this 
tube  is  prevented  by  adjusting  R„ 
in  such  a  manner  that  the  grid  bias 
on  Vi  is  well  beyond  that  required 
for  plate  current  cutoff  during  the 
quiescent  period  of  V,.  When  the 
latter  is  cycled,  the  positive  gate 
voltage  appearing  at  the  control 
grid  of  Vi  drives  this  tube  into  the 
region  of  conduction,  thereby  excit¬ 
ing  the  flash  tube. 

Coarse  adjustment  of  flash  dura¬ 
tion  can  be  made  by  means  of  Ss 
and  fine  adjustments  by  Rn^  the 
combination  permitting  continuous 
control  of  flash  durations  ranging 
from  a  minimum  of  400  micro¬ 
seconds  to  a  maximum  of  approxi¬ 
mately  2  seconds.  When  Sb  is  in 
switch-position  5,  the  gridleak  re¬ 
sistor  of  Fbb  is  returned  to  the  150- 
volt  negative  supply,  thus  placing 
the  flash-duration  multivibrator  in 
a  continuous-cycle  condition  per¬ 
mitting  adjustment  of  the  flash- 
tube  intensity  to  the  desired  level. 
The  intensity  level  obtained  by  this 
method  will  be  the  value  to  which 
the  flash  tube  will  be  excited  under 
dynamic  conditions,  since  the  in¬ 
tensity  is  a  function  of  tube  current 
only. 

Calibration 

The  timing  calibrations  were  ob¬ 
tained  through  the  use  of  an  audio 
oscillator  and  a  cathode-ray  oscil¬ 
loscope  of  the  type  permitting 


beam-intensity  modulation.  The 
rectangular  waveform  to  be  cali¬ 
brated  is  presented  on  the  screen  of 
the  oscilloscope  as  a  vertical  deflec¬ 
tion  and  the  calibrating  signal  from 
the  audio  oscillator  is  superimposed 
upon  this  pattern  as  an  intensity 
variation  of  the  trace.  To  prevent 
drift  of  the  intensity  modulation  of 
the  trace  across  the  pattern,  the 
repetition  frequency  of  the  square 
wave  must  be  a  submultiple  of  the 
calibrating  sine  wave.  This  condi¬ 
tion  can  be  obtained  by  connecting 
the  calibrating  sine  wave  to  the  con¬ 
trol  grid  of  F,b,  thereby  synchroniz¬ 
ing  the  repetition-rate  multivib-. 
rator  with  the  timing  signal. 

By  counting  the  number  of  spots 
present  on  the  deflected  portion  of 
the  trace,  and  multiplying  this  num¬ 
ber  by  the  period  of  the  calibrating 
signal,  the  delay  or  duration  time 
can  be  readily  evaluated.  The  cali¬ 
bration  of  pulse  lengths  longer  than 
70  or  80  milliseconds  by  the  above 
method  becomes  virtually  impos¬ 
sible  since  the  repetition  rate  of 
an  80-millisecond  pulse  must  be  less 
than  1/80  x  10  *  or  12.5  pulses  per 
second,  at  which  frequency  flicker 
effects  are  objectionable.  For  these 
and  greater  pulse  durations  a  high¬ 
speed  synchronous  clock  circuit*  has 
been  successfully  used  for  calibra¬ 
tion. 
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FIG.  4 — Schematic  of  complete  light-flash  generator,  less  power  supply 
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Mobile  Selective  Calling 

Mobile  radiotelephone  service  for  connection  to  wire  telephone  networks  generally  re¬ 
quires  individual  signal  for  each  subscriber.  A  new  low-cost  decoder  for  dial-impulse 
selective  calling  can  be  used  in  areas  now  served  by  two-tone  systems.  A  2,600-cycle 

tone  generator  is  added  at  the  central  office 


Mobile  radiotelephone  sys¬ 
tems  used  by  police  and 
similar  services  generally  employ 
a  loudspeaker  in  the  mobile  unit  to 
monitor  all  transmissions.  Thus  the 
operator  of  the  vehicle  must  listen 
to  all  the  traffic  in  the  system  and 
be  on  the  alert  to  answer  whenever 
his  name,  number,  or  code  is  called. 

While  such  an  operation  is  satis¬ 
factory  to  some  groups  there  are 
other  miscellaneous  users,  among 
the  general  public,  for  whom  the 
constant  monitoring  of  the  c)iannel 
is  unacceptable.  They  prefer  a  bell 
or  other  signal  only  when  a  call  is 
specifically  meant  for  their  mobile 
ur.it  and,  in  addition,  often  want  a 
permanent  signal  such  as  a*  light, 
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By  E.  H.  B.  BARTELINK 

Radio  Engineer 

(Initral  Telephone  Service  Corp. 

Xew  York.  N.  Y. 

to  appear  when  such  a  call  has  been 
received  while  they  are  absent  from 
the  vehicle.  In  such  cases,  a  selec¬ 
tive  calling  or  signaling  system  is 
needed. 

One  type  of  service  offered  by  the 
telephone  companies  provides  con¬ 
nection  to  the  wire  network  and 
enables  the  mobile  user  to  commu¬ 
nicate  with  anyone  that  he  could 
ordinarily  reach  from  a  wire  tele¬ 
phone.  Selector  systems  for  this 
general  service,  using  the  dual-tone 
principle,  have  already  been  devel¬ 
oped  and  are  in  use.  The  new  selec¬ 


tive  calling  system  described  here 
was  specifically  designed  to  be  low 
in  cost  yet  usable  in  a  general  serv¬ 
ice  system.  It  is,  moreover,  equally 
useful  in  other  types  of  service  re¬ 
quiring  selective  calling. 

System  Requirements 

Two  types  of  general  service  are 
presently  being  provided.  One  is 
the  highway  service,  which  is  de¬ 
signed  to  cover  arterial  highways 
and  surrounding  territory;  the 
other  is  the  urban  service  for  ve¬ 
hicles  chiefly  engaged  in  local 
operations.  For  the  former  service, 
which  generally  requires  somewhat 
larger  ranges,  frequency  assign¬ 
ments  have  been  made  in  the  30  to 
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;he  different  telephone  companies  ing  is  completed.  The  selector  rt- 
jonfronted  with  these  problems,  turns  to  the  idle  or  starting  posi- 
Elegarding  the  equipment,  the  tion  whenever  the  dial  tone  is 
standardization  of  the  radio  equip-  interrupted  for  any  period  materi- 
nent  is  such  that  units  made  by  ally  in  excess  of  the  dial  pulse  dura- 

lifferent  manufacturers  can,  in  tion.  Thus  the  selector  is  self-re- 

feneral,  be  used  interchangeably  setting  and  does  not  require  any 

arovided  that  they  are  all  adjusted  special  clearing  pulses  to  reset  it 

:o  operate  on  the  same  channel.  to  zero.  Such  clearing  signals  are 

In  a  local  or  urban  system,  far  needed  in  systems  where  noise 
inough  removed  from  other  cities  might  activate  the  selector  and 
to  minimize  the  chance  of  visits  by  leave  it  set  in  some  intermediate 
)utside  units,  any  kind  of  selector  position. 

system  can  be  used  provided  it  fits  The  fundamental  circuit  of  the 
in  with  the  general  routine  of  receiver  unit  is  shown  in  Fig.  1.  In 

traffic  handling  and  does  not  re-  the  idle  positions,  all  relays  except 

quire  any  other  special  treatment,  the  release  control  relay,  RC,  and 
For  highway  systems  where  the  the  release  magnet,  RM,  are  de- 

through  customers  already  have  energized,  and  the  off-normal  con- 
dual-tone  selectors  and  for  urban  tact,  ONC,  is  in  the  position  shown, 
systems  adjacent  to  others  using  The  pulse  relay,  P,  is  operated  by 
such  selectors,  it  is  still  possible  to  the  rectified  audio-frequency  volt- 
use  a  different  signaling  system  for  ages  appearing  across  a  circuit 
the  local  customers  provided  the  tuned  to  the  dialing  frequency.  If 
system  meets  the  above  require-  a  steady  dial  tone  is  applied,  P 
ments  and  that  equipment  at  the  energizes  and  in  turn  operates  the 
central  office  can  be  arranged  to  slow-release  relay,  SR,  which  de¬ 
signal  to  customers  having  either  energizes  the  release  magnet,  RM. 

type  of  selector.  Furthermore  the  prepares  the  circuit  for  the  step- 

additional  provisions  required  at  ping  magnet,  SM,  and  thus  readies 
the  central  office  should  not  result  the  stepping  switch  for  operation, 
in  any  major  cost  differentials.  Subsequent  interruption  of  the  dial 

tone  will  operate  the  stepping  mag- 
Fundamentals  of  Operafion  cause  the  switch  to  step 

The  new  selector  system  uses  a  under  control  of  the  dial  pulses, 
single  signaling  tone  in  which  the  As  soon  as  the  switch  arm  has 
dial  pulses  that  actuate  the  step-  left  the  first  contact,  the  off-normyl 

ping  mechanism  of  a  multicontact  contact,  ONC,  is  operated.  This 

switch  are  transmitted  as  interrup-  removes  one  ground  from  the  RC 

tions  of  the  tone.  This  tone  is  ap-  relay  which,  being  of  the  slow-re¬ 
plied  prior  to  the  time  that  the  lease  type,  is  now  held  operated  by 
operator  starts  dialing  and  is  kept  the  pulsations  of  the  P  relay  con- 
on  for  a  short  period  after  the  dial-  tact.  The  SR  relay  is  likewise  held 
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tively.  Thus,  for  instance,  the 
police  department,  the  fire  depart¬ 
ment,  doctors,  and  the  general  pub¬ 
lic  could  be  given  group  calls.  If 
contact  7  is  also  similarly  used,  the 
number  of  possible  group  calls  in¬ 
creases  to  seven. 

Coding  combinations  are  easily 
arranged  by  the  insertion  of  two 
properly  wired  multicontact  plugs 
into  the  mobile  unit,  one  for  each 
bank  of  contacts.  This  feature  fa¬ 
cilitates  maintenance  whenever  all 
or  part  of  the  mobile  equipment  is 
removed  from  the  vehicle.  The 
code  plugs  are  simply  reinserted  in 
a  spare  unit  to  give  it  the  correct 
dial-response  characteristics  for  the 
subscriber. 

The  decoder  was  built  by  Ham- 
marlund  Manufacturing  Co.,  and 
was  designed  to  be  physically  re¬ 
placeable  for  the  Fleet  Control  unit 
(described  by  J.  K.  Kulansky  in 
Electronics,  June  1946)  for  which 
provision  has  been  made  in  several 
commercial  models  of  mobile  radio 
receiver  chassis. 


•erated  during  these  pulsations,  occurs  shortly  after  the  completion 
t  the  end  of  a  pulse  series,  the  RC  of  the  dialing  operation.  Another 
lay  will  release  and,  by  operating  contact  on  the  BR  relay  energizes 
e  release  magnet,  return  the  se-  a  signal  lamp,  which  remains 
:tor  to  zero  unless  this  pulse  lighted  until  the  subscriber  removes 
ries  left  the  switch  on  one  of  the  his  handset.  This  operates  the 
ecially  selected  contacts  which  are  hook-switch,  and  releases  BR  by 
nnected  to  the  RC  relay.  If  it  shorting  its  winding, 
mes  to  rest  on  one  of  these  special  In  the  actual  selector,  the  BR 
•ntacts,  the  arm  of  the  switch  will  relay  is  replaced  by  a  decade-switch- 
•ovide  ground  for  the  RC  relay  ing  relay  DS  which  is  energized  in 
hich  then  remains  energized.  The  the  same  way  as  the  BR  relay  and 

(lease  magnet  is  not  energized;  which  holds  itself  over  a  contact  on 

lus  the  switch  will  remain  in  this  the  SR  relay.  This  relay  transfers 
jsition  and  be  ready  to  receive  the  holding  circuits  which  were 
lother  series  of  pulses.  The  selec-  connected  between  the  RC  relav  and 
on  of  these  special  switch  contacts  the  special  switch  contacts  to  a 
lerefore  determines  the  series  of  second  set  of  contacts  on  the  switch, 
igits  which  must  be  dialed  if  the  In  the  meantime,  the  switch  has  re- 
ivitch  is  to  advance  without  set-  turned  to  zero  and  has  energized 
acks.  RC.  It  is  thus  ready  for  a  new 

The  energizing  circuit  for  the  .series  of  impulses;  and,  if  the 
ell-ringing  relay,  BR,  is  connected  proper  code  is  again  dialed,  it  will 
0  one  of  the  latter  contacts,  for  in-  then  operate  the  BR  relay  which  is 

tance  contacts  7,  8,  or  9,  on  the  connected  in  the  second  set  of  con- 

witch;  and  the  switch  contacts  tacts  in  the  .same  manner  as 
•eyond  this  point  are  left  uncon-  described  before.  It  is  this  utiliza- 

lected.  If  at  the  end  of  the  last  tion  of  two  sets  or  banks  of  contacts 

mlse  series  the  switch  comes  to  on  the  stepping  switch  which  pro¬ 
test  on  one  of  these  contacts,  RC  vides  the  much  larger  number  of 
vill  release,  as  they  are  not  con-  combinations, 
lected,  and  thus  cannot  complete  In  addition  to  providing  a  large 
he  circuit  for  RC.  If  the  .switch  number  of  different  possible  com- 
;omes  to  rest  on  the  contact  to  binations  (about  1,500),  the  new 
ivhich  BR  is  connected,  RC  will,  selector  also  permits  group  calling, 
when  it  releases,  energize  BR,  If  both  the  decade-switching  relay 
which  in  turn  will  close  a  holding  and  the  BR  relays  are  connected  to 
circuit  through  its  own  contacts,  contact  9,  then  the  dialing  of 
A  very  short  time  after  this,  RM  99  will  call  all  cars.  If  in  some  cars 
pulls  up  and  returns  the  switch  to  the  DS  relay  is  connected  to  contact 
zero.  Another  contact  on  closes  9  and  in  others  to  8,  and  if  the  same 
the  circuit  to  the  bell  through  a  con-  holds  for  the  BR  relay,  then  the 
tact  on  SR.  Thus  the  bell  will  ring  subscribers  may  be  divided  into 
until  the  S/2  relay  is  released  by  the  four  groups  having  group  calling 
interruption  of  the  dial  tone,  which  codes  of  99,  98,  89,  and  88  respec- 


System  Tie-In 

Besides  making  provision  for 
simple  modification  of  existing 
Western  Electric  control  units, 
without  disturbing  the  original 
function,  equipment  has  also  been 
designed  for  central  office  use.  A 
tone  generator  for  2,600  cycles  and 
necessary  relays  for  keying  it  in 
and  out  of  service  permit  central- 
office  signaling  with  either  the  new 
system  or  the  existing  two-tone 
system.  A  coded  number  assigned 
to  the  subscriber  informs  the  oper¬ 
ator  which  sy.stem  she  must  use  to 
complete  the  call. 
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Microphone  Calibrator 


By  D.  H.  BASTIN 


Tranamiasion  d  Development  Department 
Canadian  Broadcaating  Corporation 
Montreal,  Canada 


The  field  calibration  of  a  mi¬ 
crophone  requires  that  the 
microphone  be  placed  in  a  plane 
sound  field  of  known  intensity.  This 
type  of  calibration  differs  from  a 
pressure  calibration  in  that  the 
effect  of  diffraction  around  the 
microphone  is  charged  up  as  part  of 
the  response  of  the  microphone.  It 
is  therefore  the  most  useful  type 
of  calibration  for  microphones  used 
in  broadcasting. 


other  unit  operating  from  1,000  to 
15,000  cycles. 

The  two  measuring  techniques 
involved,  outlined  below,  were  de¬ 
veloped  for  use  on  all  microphones 
used  in  CBC  studios  across  Canada. 
In  both,  the  microphone  being 
tested  is  compared  against  a 
standard  microphone  by  a  two- 
channel  logarithmic  voltmeter  that 
automatically  plots  the  response  in 
decibels  against  frequency.  The 


system  can  also  be  used  for  record¬ 
ing  loudspeaker  response  and  iwlar 
diagrams. 


Low-Frequency  Chamber 


The  frequency  response  from  30 
to  1,000  cycles  is  measured  by  plac¬ 
ing  the  microphone  three  feet  from 
the  end  of  a  wooden  tube  30  feet 
long  and  11  by  11  inches  in  cross 
section.  A  drawing  of  the  tube  is 
shown  in  Fig.  1.  At  the  end  of  the 


Inexpensive  Dead  Room 


Obtaining  the  required  sound 
field  indoors  is  a  matter  of  some 
difficulty  because  reflections  build 
up  standing  waves  to  give  a  nonuni¬ 
form  sound  field.  The  usual  method 
of  obtaining  the  sound  field  by  the 
use  of  free-field  or  anechoic  cham¬ 
bers  was  felt  to  be  too  expensive  for 
the  present  project,  so  two  less  ex¬ 
pensive  devices  are  used  to  obtain 
the  required  field,  one  operating 
from  30  to  1,000  cycles  and  the 
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FIG.  1 — Cro*s-tactk>n  ol  11-lnch-iquare  hollow  wood  tube  used  to  absorb  sound 
energy  below  1,000  cycles  irom  loudspeaker  and  thereby  prevent  reflection  back 
to  microphone  being  tested 
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nearest  wall  to  arrive  back  at  the 
microphone.  The  pulse  is  repeated 
at  intervals  long  enough  to  allow 
reflections  to  die  out  between  pulses. 
During  the  pulsing  the  frequency 
of  the  oscillator  driving  the  loud¬ 
speaker  is  slowly  changed  and  the 
response  curve  is  automatically 
plotted  by  a  logarithmic  recording 
voltmeter.  By  rotating  the  micro¬ 
phone  undergoing  test  a  polar  dia¬ 
gram  of  the  response  at  any  fre¬ 
quency  can  be  plotted. 

Pjise  Length 

The  length  of  the  pulse  that  is 
used  is  10  milliseconds  and  the  pulse 
is  repeated  10  times  every  second. 
With  a  puLse  of  10  milliseconds 
length  and  a  sound  velocity  of  1,100 
FIG.  2— Block  diagram  of  microphone  feet  per  second  the  sound  path  be- 

calibration  rack  need  in  CBC  laboratories  fore  the  .first  reflection  can  reach 

the  microphone  is  11  feet.  This 
means  that  the  microphone  can  be 
half  this  distance  or  within  5i  feet 
of  the  nearest  wall,  hence  a  com¬ 
paratively  small  room  is  suitable 
for  the  measuremeTit. 

At  1,000  cycles  a  pulse  of  10  milli¬ 
seconds  consists  of  only  10  cycles, 
of  which  the  first  and  last  few 
cycles  are  obscured  by  transients, 
so  that  1,000  cycles  is  about  the 
low-frequency  limit  of  this  pulsing 
system.  In  a  larger  room  a  longer 
pulse  could  be  used,  and  conse¬ 
quently  a  lower  frequency  could  be 
reached.  On  the  microphone  chan¬ 
nels  the  beginning  and  end  of  the 
pulses  are  clipped  to  remove  tran¬ 
sients  from  the  pulses  before  com¬ 
paring  the  two  signals. 

No  special  treatment  is  required 
on  the  walls  of  the  room  used  for 
this  part  of  the  test,  for  the  repeti¬ 
tion  rate  of  10  per  .second  allows 
sufficient  time  between  pulses  for 
reflected  sound  to  drop  to  a  negli¬ 
gible  value  before  the  next  pulse  is 
transmitted. 

The  sound  source  used  for  the 
high-frequency  test  is  a  small  dy¬ 
namic  loudspeaker  that  was  found 
to  have  adequate  output  up  to  15  kc. 
As  will  be  noted  later,  the  response 
of  the  source  is  not  critical  in  this 
method. 
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MICROPHONE  STANDARD 
UNDER  TEST  MICROPHONE 


LOUOSPBAKER 


Microphon*  calibration  rock,  dnigned  to 
plug  into  a-c  wail  outlot 


Simple,  rapid  and  reasonably  accurate  method  of  measur¬ 
ing  sensitivity,  frequency  response  and  polar  response  with¬ 
out  a  costly  free-field  anechoic  chamber.  Below  1,000  cycles 
a  long  wood  tube  absorbs  unwanted  sound.  Higher  fre¬ 
quencies  are  pulsed  and  recording  is  done  before  reflected 
sound  returns  to  microphone 


tube  near  the  microphone  is  a  loud-  being  tested  is  a  small  standard 

speaker.  That  part  of  the  tube  on  microphone,  having  flat  response 

the  far  side  of  the  microphone  con-  over  the  30  to  1,000-cycle  range, 

tains  curtains  of  cotton  quilting  and  of  known  sensitivity.  The  out- 

hung  across  the  tube  in  increasing  puts  of  the  two  microphones  are  fed 

amounts  to  form  an  acoustic  resist-  to  the  measuring  rack  and  as  the 

ance  to  absorb  the  energy  of  the  frequency  of  the  loudspeaker  sig- 

sound  passing  from  the  loud-  nal  is  slowly  changed  the  response 

speaker.  The  treatment  is  adjusted  curve  is  automatically  plotted, 

until  the  acoustic  impedance  look¬ 
ing  into  the  tube  is  approximately 
that  of  open  air,  or  40  acoustic 
ohms  per  square  centimeter. 

With  the  source  of  sound  located 
symmetrically  on  the  axis  of  such  a 
tube  no  standing  waves  exist  across 
the  tube  for  frequencies  below  1,000 
cycles,  and  the  acoustic  treatment 
effectively  absorbs  reflections  from 
the  end  of  the  tube ;  the  result  is  a 
plane  wave  flowing  past  the  micro¬ 
phone.  The  tube  can  be  used  only 
below  1,000  cycles,  because  above 
this  frequency  standing  waves  exist 
across  the  tube. 

Mounted  beside  the  microphone 


High-Frequency  Pulse  System 

Over  the  range  above  1,000  cycles 
a  pulsing  system  is  used  to  obtain 
effective  free-field  conditions.  The 
microphone  to  be  tested  and  a  small 
loudspeaker  are  set  up  about  three 
feet  apart  in  a  studio  or  small  room. 
Midway  between  the  microphone 
and  loudspeaker  is  placed  a  small 
standard  microphone. 

A  short  pulse  of  sound  at  the  de¬ 
sired  frequency  is  transmitted  from 
the  loudspeaker,  and  the  resulting 
output  from  the  microphone  is 
measured  before  enough  time  has 
elapsed  for  reflected  sound  from  the 


Standard  Microphone 

The  standard  microphone  is  a 
small  type  MlOl  crystal  unit  i  by 
15 M6  inch  in  size,  manufactured 
by  Massa  Laboratories.*  The  pre- 
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amplifier  housing  supports  the 
standard  microphone  in  the  position 
for  minimum  diffraction  effect, 
with  the  end  of  the  crystal  unit  par¬ 
allel  to  the  sound  axis.  In  this  posi¬ 
tion  the  diffraction  effect  is  neglig¬ 
ible  below  10  kc,  and  the  response 
can  be  considered  flat.  A  reciproc¬ 
ity  calibration  on  this  unit  gave  a 
value  of  sensitivity  in  good  agree¬ 
ment  with. the  value  stated  by  the 
manufacturer. 

The  preamplifier  housing  con¬ 
tains  a  9002  tube  connected  as  a 
cathode  follower,  acting  as  an 
impedance  changer  between  the 
Jiigh  impedance  of  the  crystal  and 
the  low-impedance  output.  Termi¬ 
nals  are  provided  on  the  preampli¬ 
fier  for  injecting  a  signal  in  series 
with  the  crystal  for  making  overall 
electrical  calibration  of  the,  asso¬ 
ciated  equipment. 

Tests  have  shown  that  at  the 
testing  distances  u'^ed,  15  inches  to 
the  standard  mici  )phone  and  30 
inches  to  the  other  microphone, 
neither  microphone  has  appreciable 
influence  on  the  sound  intensity  at 
the  other,  and  for  the  period  of  the 
pulse  each  microphone  is  in  a  pro¬ 
gressive  sound  wave,  the  pressure 
at  the  nearer  microphone  being 
twice  that  at  the  other.  In  the  low- 
frequency  tube  an  inexpensive 
crystal  microphone  is  used  as  the 
standard,  and  is  checked  at  inter¬ 
vals  against  the  Massa  standard. 

The  absolute  accuracy  of  the 
measurements  depends  upon  the 
standard  microphone,  but  the  type 
of  crystal  microphone  used  appears 
to  be  stable,  and  a  reciprocity  cali¬ 
bration  can  be  made  upon  it  at  any 
time  if  required. 

Rack  Equipmenrt 

Both  parts  of  the  calibration 
method  require  the  comparison  of 
the  outputs  of  the  two  microphones. 
This  comparison  is  carried  out  in 
the  rack  of  equipment  shown  in  the 
block  diagram  in  Fig.  2. 

The  rack  contains  amplifiers  for 
the  two  microphone  channels,  a 
logarithmic  voltmeter  which  com¬ 
pares  the  outputs  of  the  two  micro¬ 
phones,  a  recording  meter,  an  audio 
oscillator  with  a  motor  drive  on  the 
frequency  dial,  a  power  amplifier 
to  drive  a  loudspeaker,  an  auto¬ 
matic  pressure  control,  pulsing 
switches  and  a  cathode-ray  oscil¬ 


loscope  for  waveform  examination. 

The  two  microphone  channels  are 
similar,  each  consisting  of  an  ampli¬ 
fier,  attenuator,  rectifier  and  log¬ 
arithmic  stage.  The  attenuator 
controls  are  marked  directly  in 
decibels  on  the  front  panel.  Each 
amplifier  is  followed  by  a  cathode 
follower,  using  a  6AC7  as  shown  in 
Fig.  3  to  provide  a  low-impedance 
source  and  so  avoid  peak  clipping 
by  the  rectifier  action.  .The  6H6 
rectifiers  are  connected  as  voltage 
doublers.  The  maximum  undis¬ 
torted  signal  available  from  the 
cathode  follower  is  about  100  volts, 
hence  the  peak  d-c  output  from  the 
rectifier  is  about  200  volts,  or  46 
db  above  the  minimum  usable  out¬ 
put  of  1  volt.  Below  1  volt  the 
initial  current  from  the  diodes  be¬ 
comes  important,  introducing  non¬ 
linearity. 

Since  only  the  amplitudes  of  the 
pulses  are  compared,  the  rectifier 
circuit  has  a  short  charge  time  con¬ 
stant,  in  order  that  the  amplitude 
of  the  signal  can  rise  to  full  value 
during  the  first  millisecond  of  pulse. 
The  discharge  time  constant  is  long, 
however,  in  order  that  the  rectified 
level  does  not  fall  appreciably  dur¬ 
ing  the  tenth  second  between  pulses. 

Logarithmic  Action 

Logarithmic  action  is  obtained  by 
applying  the  positive  voltage  from 
the  rectifier  through  a  10-megohm 
resistor  to  the  grid  of  a  6SN7GT 
triode  section  operating  with  25 


volts  plate  supply.  Because  the 
emission  velocities  of  the  electrons 
given  off  by  a  hot  cathode  follow  a 
Maxwellian  distribution,  the  grid 
current  which  flows  bears  a 
logarithmic  relation  to  the  applied 
voltage.  This  logarithmic  change 
in  grid  current  produces  a  corres¬ 
ponding  change  in  grid-to-cathode 
voltage,  which  is  amplified  and  ap¬ 
pears  as  a  change  in  plate  potential. 
The  circuit  as  developed  by  Walter 
Ives“  is  accurately  logarithmic  over 
about  46  db,  the  limitations  lying 
not  in  the  log  tube  but  in  the  recti¬ 
fier  and  amplifier  ahead  of  the  log 
tube. 

The  direct-current  output  of  the 
two  logarithmic  stages  is  further 
amplified  by  direct-coupled  6V6 
tubes  connected  as  cathode  follow¬ 
ers  and  fed  to  the  recording  mil- 
liammeter,  which  is  a  standard 
5-ma  Esterline-Angus  meter.  A 
potentiometer  at  the  midpoint  of 
the  cathode  resistors  of  the  6V6 
tubes  enables  the  two  channels  to  be 
balanced  so  that  equal  signals  on 
the  tw'o  channels  give  center-scale 
deflection  of  the  meter.  This  meter 
responds  to  the  difference  between 
the  output  of  the  two  channels,  and 
so  is  equivalent  to  the  difference  of 
the  logarithms  of  the  two  micro¬ 
phone  signals,  and  hence  to  the  ratio 
of  the  two  microphone  responses. 
Since  the  response  of  the  standard 
microphone  is  known  to  be  flat,  the 
result  is  the  response  curve  of  the 
unknown  microphone  plotted  in  db 
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afi^ainst  frequency  on  the  recording 
meter  chart. 

Recording  Method 

A  sensitivity  control  in  series 
with  the  meter  can  be  set  so  that 
one  division  of  the  chart  paper  rep¬ 
resents  one  db.  The  absolute  sensi¬ 
tivity  represented  by  the  center  line 
on  the  chart  is  found  by  subtract¬ 
ing  the  difference  in  gain  of  the  two 
microphone  channels,  easily  read 
off  the  two  panel  attenuators,  from 
the  sensitivity  of  the  standard  mi¬ 
crophone.  The  two-channel  con¬ 
struction  tends  to  balance  out 
effects  of  line  voltage  variation.  In 
addition,  electronic  regulation  is 
used  on  the  plate  supply  for  the 
logarithmic  stage  and  direct- 
coupled  amplifier.  The  stability  of 
the  gear  is  sufficient  so  that  meas¬ 
urements  remain  accurate  to  within 
one  db  over  long  periods. 

A  small  motor  synchronized  with 
the  paper  drive  on  the  recording 
meter  slowly  changes  the  frequency 
of  the  oscillator  driving  the  loud¬ 
speaker.  The  speed  at  which  the 
oscillator  frequency  can  be  varied 
is  dependent  on  the  time  constant  of 
the  rectifiers,  which  is  relatively 
long.  Even  with  this  restriction, 
however,  it  only  takes  three  minutes 
to  traverse  the  frequency  range 
from  30  to  16,000  cycles. 

The  curved  coordinates  produced 
by  the  meter  are  not  as  convenient 
to  use  as  rectangular  coordinates, 
but  when  a  transparent  scale 
marked  in  frequency  is  laid  over 
the  chart  the  sensitivity  at  any 
frequency  can  readily  be  read  off. 

For  the  low-frequency  test  in  the 
tube  no  pulsing  is  used.  The  oscil¬ 
lator  frequency  is  simply  varied 
slowly  as  the  response  is  plotted. 
For  the  high-frequency  test  the 
loudspeaker  signal  must  be  pulsed. 
This  is  done  by  a  motor-driven  com¬ 
mutator-type  switch  which  shorts 
the  oscillator  signal  except  for  the 
period  of  the  pulse.  Other  commu¬ 
tators  mounted  on  the  same  shaft 
short  the  microphone  channels  for  a 
slightly  longer  period,  clipping  the 
transients  from  the  beginning  and 
end  of  the  loudspeaker  pulse.  These 
commutators  have  to  be  phased  on 
the  shaft  to  allow  for  the  time  in¬ 
terval  taken  by  the  sound  in  travel¬ 
ling  from  the  loudspeaker  to  each 
microphone. 


It  is  difficult  to  find  a  loudspeaker 
or  any  sound  source  that  has  an  out¬ 
put  independent  of  frequency,  but 
since  this  method  compares  the  out¬ 
puts  of  two  microphones  it  does  not 
greatly  matter  what  variations 
occur  in  the  sound  output  of  the 
loudspeaker.  However,  to  maintain 
approximately  constant  sound  level 
at  the  microphone  and  to  insure 
that  the  46-db  range  of  the  volt¬ 
meter  is  not  exceeded,  a  portion  of 
the  output  of  the  standard  flat-re¬ 
sponse  microphone  is  fed  to  the 
automatic  pressure  control,  a  vari¬ 
able-gain  amplifier  in  tlie  loud¬ 
speaker  circuit.  Here  it  controls 
the  signal  fed  to  the  loudspeaker, 
increasing  the  output  when  the 
loudspeaker  response  drojJs,  and 
decreasing  the  output  when  it  tends 
to  increase. 

The  cathode-ray  oscilloscope 
mounted  in  the  rack  is  useful  for 
visual  checks  on  wave  form.  It 
quickly  shows  up,  for  example,  the 
characteristic  distortion  produced 
in  a  velocity  microphone  when  the 
ribbon  strikes  a  pole  piece  during 
part  of  a  cycle.  The  picture  of  the 
pulse  received  by  a  microphone  will 
show  up  excessive  distortion  if 
present,  but  unfortunately  the  puls¬ 
ing  system  is  not  easily  adapted 
for  distortion  checks,  although  very 
satisfactory  for  response  measure¬ 
ments.  When  checking  loudspeak¬ 
ers  the  shape  of  the  pulse  is  very 
useful  for  giving  a  qualitative 
measure  of  the  transient  response. 

Polar  Response  Curves 

For  normal  tests  the  microphone 
is  terminated  at  the  input  of  the 
rack  in  a  resistive  load  of  500  ohms, 
corresponding  to  the  input  im¬ 
pedance  of  standard  speech  equip¬ 
ment.  The  response  curve  then  in¬ 
cludes  the  loading  effect  of  the 
termination  on  the  internal  imped¬ 
ance  of  the  microphone,  an  effect 
which  in  most  microphones  reduces 
the  sensitivity  at  the  higher  fre¬ 
quencies.  If  desired,  other  termi¬ 
nations  may  be  selected  by  a  panel 
switch.  The  stand  carrying  the 
microphone  under  test  can  be 
rotated  by  a  small  motor  for  the 
automatic  plotting  of  polar  re¬ 
sponse  curves. 

Besides-  measuring  the  response 
of  microphones,  the  equipment  us¬ 
ing  the  pulsing  system  can  be  u.sed 


to  measure  the  response  and  polar 
distribution  of  loudspeakers  above 
1,000  cycles.  For  this  test  the 
standard  microphone  is  placed  in 
front  of  the  loudspeaker  to  be 
tested,  and  a  portion  of  the  voltage 
applied  to  the  voice  coil  is  fed  to 
one  of  the  microphone  channels  in 
the  rack.  The  curve  plotted  is  the 
acoustic  output  of  the  loudspeaker 
for  constant  voltage  on  the  voice 
coil,  corresponding  to  the  response 
that  would  be  obtained  if  the  loud¬ 
speaker  were  fed  from  a  source 
having  zero  internal  impedance. 
The  response  curve  for  other  source 
impedances  can  be  calculated  from 
impedance  measurements,  or 
quickly  plotted  by  placing  the  de¬ 
sired  impedance  in  series  with  the 
voice  coil  after  the  point  at  which 
the  comparison  voltage  is  picked  off. 

Conclusion 

The  equipment  described  has 
been  in  routine  use  for  almost  a 
year.  Since  the  caKbration  pro¬ 
cedure  is  rapid  and  almost  auto¬ 
matic  the  effects  of  adjustments  on 
the  microphones  can  be  quickly  seen 
and  the  best  adjustment  readily 
made. 

The  equipment  has  also  been  used 
to  check  new  models  of  micro¬ 
phones,  to  measure  the  response 
and  directional  pattern  of  monitor 
loudspeakers,  and  for  miscellaneous 
measurements,  such  as  finding  the 
transmission  loss  of  loudspeaker 
grille  cloth.  If  in  the  future  a  free- 
field  room  should  become  available 
the  equipment  can  be  used  as  it 
stands,  simply  by  not  using  the 
pulsing  switches.  The  equipment 
can  also  be  readily  adapted  for 
more  general  laboratory  purposes, 
such  as  measuring  and  plotting  the 
response  of  filters  or  pickups. 

Editor’s  Note — This  paper  was 
completed  shortly  before  the  death 
of  the  author,  and  was  forwarded 
to  Electronics  by  William  G. 
Richardson,  Transmission  and  De¬ 
velopment  Engineer  with  Canadian 
Broadcasting  Corporation  in  Mon¬ 
treal. 
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Architect 

Klectronica  Division 
Bureau  of  Ships 
V.  8.  Navy 
Washington,  D.  C. 


Design 
of  a 

Naval  Communication 


Exterior  of  Dixon,  California  station.  Holes  under  comice  are  for  feeders 


New  unit  planned  for  pleasing  appearance,  operation  by  minimum  of  personnel,  and 
cap^le  of 'rational  expansion  stands  at  hub  of  rhombic  array  system.  Deterioration 
of  reinforced  concrete  structure  is  inhibited  by  novel  method  of  bonding  the  rods 


could  prove  electrically  dangerous 
to  the  personnel  in  the  transmitter 
room,  so  plastic  strips  are  used  in¬ 
stead.  Contrasted  with  a  painted 
concrete  surface,  battleship  linol¬ 
eum,  or  asphalt  tile,  terrazzo  fully 
meets  the  need  of  a  good  wearing 
surface  capable  of  resisting  heavy 
loads,  and  is  easily  maintained  and 
kept  clean. 

Trucks  for  carrying  equipment 
for  the  initial  installation  or  any 
emergency  find  easy  access  through 
large  aluminum  sliding  end  doors. 
An  overhead  rail  for  supporting  a 
hoist  is  utilized  over  the  end  bays 
of  the  transmitter  room.  Thus, 
equipment  is  lifted  from  a  truck  by 
means  of  the  hoist  to  a  hand- 
steered  electric-powered  trans¬ 
porter. 


TO  SET  the  best  possible  example 
in  its  postwar  construction,  the 
Office  of  the  Assistant  Chief  of  the 
Bureau  of  Ships  for  Electronics, 
in  cooperation  with  the  Bureau 
of  Yards  and  Docks,  has  attempted 
to  evolve  a  basic  layout  for  the 
United  States  Naval  Radio  Trans¬ 
mitting  Station  at  Dixon,  Califor¬ 
nia,  which  will  function  with  a  min¬ 
imum  number  of  personnel,  provide 
low  maintenance  cost,  and  solve  all 
probable  expansions  in  the  future. 

The  building  expresses  a  definite 
architectural  character  rather  than 
a  box-like  interpretation,  by  locat¬ 
ing  the  columns  which  support  the 
roof  loads  on  the  outside  of  the  ex¬ 
terior  wall,  on  centers  of  about  13 
by  40  feet.  This  arrangement  pro¬ 
vides  for  a  clear  wall  surface  on  the 
interior  of  the  building  and  allows 
for  ease  of  cleaning  and  lowered 
maintenance  cost.  It  provides  un¬ 
obstructed  maximum  working  area 
around  the  transmitters,  and  makes 
possible  the  running  of  transmis¬ 
sion  lines  without  any  obstructions 
whatsoever  within  the  transmitting 
room. 

In  order  to  obtain  a  flexible 


arrangement  for  routing  incoming 
transmission  lines  to  the  various 
transmitters,  seventy-five  pairs  of 
entering  insulators  are  located  be¬ 
neath  the  protecting  cornice  of  the 
building.  Thus,  a  line  can  be  pulled 
tight  and  held  fast  on  the  transmis¬ 
sion  line  anchor,  then  looped  under 
the  cornice  and  into  the  feed¬ 
through  insulator. 


Internal  Wiring 

Cableways  are  used  for  cable, 
conduit,  bus  bars,  piping,  and  the 
like,  in  lieit  of  an  alternate  design 
which  would  have  necessitated  that 
the  transmission  room  be  on  a 
second  floor,  with  access  to  cables 
arranged  in  continuous  hangers 
from  the  ceiling  below.  Low  cost 
in  installing  cable  is  made  possible 
by  the  ease  with  which  it  can  be 
rolled  off  reels  over  the  main  cable- 
ways  without  moving  any  equip¬ 
ment  to  do  so.  The  equipment  is 
installed  directly  over  an  adjacent 
.system  of  small  feeder  trenches. 

The  floor  material  finish  is  ter¬ 
razzo,  ground  smooth  and  divided 
into  squares.  The  brass  strips  ordi¬ 
narily  used  for  dividing  terrazzo 


Air  Conditioning 

This  windowless  building,  save 
for  the  administrative  portion  and 
the  lavatory,  is  ideal  for  air  condi¬ 
tioning.  In  addition,  it  keeps  the 
building  insect-proof,  a  vital  con¬ 
sideration,  because  bugs  have  a 
tendency  to  work  their  way  into 
transmitter  equipment.  The  out- 
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Interior  ghowing  main  gwltchgoar,  main  and  branch  cobU  runways  with  coTorg  remoTod 


Station 


r 


side  wall  acts  as  a  blast-resisting 
surface  and  the  inside  face  provides 
a  good  light-reflecting  surface. 

In  the  normal  course  of  opera¬ 
tion,  sufficient  heat  is  generated  by 
the  transmitters  to  heat  the  build¬ 
ing.  This  warm  air  is  therefore 
recirculated  and  utilized  for  heat¬ 
ing,  being  tempered  by  cool  fresh 
air.  A  cooling  system  for  warm 
weather  utilizes  the  same  duct  sys¬ 
tem.  The  air  in  the  ducts  is  main¬ 
tained  at  a  constant  70  to  75  de¬ 
grees  in  the  summer  and  winter. 
In  the  event  of  a  transmitter  shut¬ 
down,  a  boiler  is  provided  as  an 
auxiliary  source  of  heat.  Controls 
provide  for  automatic  operation. 


Designed  for  construction  when 
future  commitments  so  require  is  a 
vhf  and  shf  tower  which  will  be 
located  over  the  loading  platform 
at  the  rear.  The  cantilever  floor 
of  the  tower  provides  a  360-degree 
area  for  spacing  line-of-sight  link 
antennas  of  the  parabolic-reflector 
type. 

Antenna  switching  will  be  ac¬ 
complished  by  a  system  of  hand- 
wheel  switches  that  may  later  be 
remote  controlled.  The  completed 
unit  will  be  suspended  from  cross 
members  framed  into  sidewall 
angles  or  channels  in  lieu  of  sus¬ 
pending  the  units  from  the  ceiling 
or  concrete  girders. 


Datail  oi  brazed  bondg  between  reinforcing  rodg,  gtnictural  memberg  and  conduit 


The  antenna  arrangement  con¬ 
sists  of  a  number  of  rhombic  trans¬ 
mitting  antennas  erected  circularly 
from  the  transmitter  building.  The 
antennas  are  oriented  in  the  specific 
direction  in  which  the  maximum 
.signal  is  desired.  The  transmission 
lines  run  directly  from  the  antenna 
to  the  antenna  switching  system, 
so  that  any  transmitter  can  be  con¬ 
nected  to  any  transmission  line. 
The  transmission  lines  are  600-ohm 
open-wire  type.  The  transmission¬ 
line  anchors  form  an  integral  part 
of  the  building  cornice  design  and, 
together  with  the  antenna  feed¬ 
through  insulator,  give  the  radio 
transmitting  station  its  definite 
character. 

Some  previously  erected  rein¬ 
forced  concrete  transmitting  build¬ 
ings  have  suffered  partial  disinte¬ 
gration  owing  to  expansion  of  rein¬ 
forcing  rods  at  a  rate  faster  than 
that  of  the  concrete  surrounding 
them.  This  heating  was  caused  by 
absorption  of  stray  radio-frequency 
energy.  Appreciable  energy  can  be 
picked  up  by  rods  that  are  resonant 
at  full,  half,  or  quarter  wavelengths. 
Negligible  energy  is  picked  up  at 
an  eighth  wave  or  less. 

Grounding 

Since  the  shortest  wave  at  which 
appreciable  power  is  to  be  radiated 
at  the  station  is  12  meters,  only  un¬ 
grounded  rods  above  5  feet  in 
length  needed  special  treatment. 
Accordingly,  all  steel  reinforcing 
rods  are  rigidly  and  continuously 
bonded  to  ground  by  arc  welding  or 
brazing.  In  addition,  bonding  wires 
are  provided  to  ground  as  a  pre¬ 
caution  against  breakage  of  the  rod 
junctions  during  the  vibrating  of 
the  concrete  in  the  molds.  Metal 
doors,  window  frames,  and  the  like 
are  bonded  to  the  reinforcing  steel. 
Conduit  is  tied  in  at  least  every  20 
feet.  All  mechanical  equipment  is 
grounded  separately  with  No.  6  or 
larger  copper  wire.  The  grounding 
system  in  the  cableways  consists  of 
a  network  of  J  X  2-inch  copper 
bars.  Ground  rods  are  i  x  10-foot 
copper-covered  .steel  with  No.  2/0 
stranded  copper  cable  for  connec¬ 
tion  to  the  reinforcing  steel.  This 
system  is  then  tied  in  with  the  ex¬ 
ternal  underground  network  sur¬ 
rounding  the  station,  and  used  with 
the  antenna  systems. 


ELECTRONICS  — November,  1948 


in 


Development  of  new  tech¬ 
niques  for  improving  the 
response  of  servomechanisms  has 
made  it  possible  to  apply  them  to  an 
ever  increasing  number  of  uses. 
These  techniques  are  based  upon: 
(1)  improved  methods  of  analysis 
which  show  the  factors  that  limit 
servomechanism  response,  and  (2) 
the  design,  or  redesign,  of  compon¬ 
ents  which  improve  the  response. 

This  article  describes  a  new  and 
simple  method  for  designing  stabili¬ 
zation  circuits  which  may  be  used 
to  improve  servomechanism  re¬ 
sponse,  and  offers  a  new  approach 
fo  the  design  of  stabilization  cir¬ 
cuits  in  general.  The  design  of 
these  stabilization  circuits  is  based 
upon  the  principle  that  a  circuit, 
having  a  transfer  fimction  which  is 
the  inverse  of  the  transfer  function 
of  the  servomechanism,  can  be  used 
as  a  stabilization  network,  and  that 
this  circuit  can  be  approximated  by 
a  feedback  amplifier  having  in  its 
feedback  path  a  network  with  a 
transfer  function  .  proportional  to 
that  of  the  servomechanism. 

Consequently  the  first  step  in  ob¬ 
taining  such  a  stabilization  circuit 
is  to  design  a  circuit  having  a 
transfer  function  proportional  to 
the  transfer  function  of  the  unim¬ 
proved  servomechanism.  This  latter 
circuit  will  be  referred  to  as  the 
equivalent  servomechanism  circuit 
or  the  equivalent  circuit. 

Obtaining  Eqjivalent  Circuit 

The  first  step  in  designing  the 
equivalent  circuit  is  to  set  up  the 
general  form  of  the  equivalent  net¬ 
work.  The  second  step  is  then  to 
determine  the  parameters  of  this 
network.  These  two  steps  are  illus¬ 
trated  by  the  examples  of  Fig.  1. 

In  Fig.  lA  is  shown  the  schema¬ 
tic  of  a  simple  servomechanism, 
using  a  motor-generator  set  as  a 
power  control  component  of  the 
servomechanism.  Figure  IB  is 
the  approximate  electromechanical 
equivalent  of  Fig.  lA.  Transfer 
functions  of  the  system  are  ex¬ 
pressed  by  the  equations.  This 
approximation  is  justifiable  for 
the  operating  range  of  interest  be¬ 
cause,  in  general,  the  armature  cir¬ 
cuit  time  constant  is  short  compared 
to  the  rotor  time  constant. 

Figure  1C  shows  the  general 
form  of  an  electrical  network  hav- 


Laboratory  equipment  used  in  determining  feedback  constants  includes  the  uncompen¬ 
sated  serTO  (foreground),  its  omplUier  (left),  the  adjustable  feedback  circuit  whose 
parameters  are  to  be  found  (background),  and  an  oscilloscope 


Stabilizing 

Servomechanisms 


By  this  laboratory  technique,  constants  of  feedback  stabil¬ 
ization  circuits  for  servomechanisms  can  be  quickly  deter¬ 
mined  without  resorting  to  mathematical  computations, 
thus  making  it  feasible  to  design  and  adjust  servos  for 
heretofore  impracticable  applications 


Head  of  Controls  Oroup 

Aeronautical  Research  Center,  University  of  Michigan 
Willow  Run  Airport,  Ypsilanti,  Mich. 


ing  a  transfer  function  of  the  same  adjustment  of  the  circuit  of  Fig. 
type  as  the  velocity  transfer  func-  ID.  t 

tion  of  the  servomechanism.  Com-  Figure  ID  is  a  schematic  of  the 
parison  of  the  analytical  expres-  setup  used  in  determining  the  val- 

sions  for  the  transfer  function  of  ues  of  the  parameters  of  the  equiv- 

the  equivalent  circuit  of  Fig.  1C,  alent  circuit.  This  setup  consists 

and  for  the  servomechanism,  dem-  of  the  unimproved  open-cycle  servo- 

onstrates  the  equivalence  of  the  net-  mechanism,  the  equivalent  circuit, 

work.  The  approximation  in  Fig.  a  variable-frequency  sinusoidal- 

IB  was  made  so  that  the  circuit  of  voltage  source,  a  d-c  tachometer. 

Fig.  1C  could  be  composed  only  of  and  an  oscilloscope  having  d-c  am- 

R-C  networks,  thus  simplifying  the  plifiers  to  drive  its  deflection  plates. 
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SERVOMOTOR 


KrE/R 


AMPLIFIER 


GENERATOR 


EOUIV  SERVOMOTOR 


pAo/E:  vfiUx'ity  transfer 
function 


A  o/E:  transfer  function 


K\G\' !p,  where  p  =  d/dl 


J m:  iiioiuent  of  inertia  of  motor 


Fm:  equivalent  damping  coefficient 
of  motor 


=  A/(l  4-  H\Cip)  hi  =  AEi/(l  4*  RiCtp)  Eo  =  AEi/{\  —  /  Rzdr.p 
Eo/E  =  [1/(1  +  R-Xhp)]  lA/{i:  +  R,(J,p)]  [.4/(1  +  RiCip)]  =  KiG: 
(In  these  equations  the  source  impedance  of  the  C4»thode  followers  has  Ihsti 
assumed  to  l>e  zero.) 


Ra:  resistance  of  generator  and  motor 
armatures 


GENERATOR. 


La:  inductance  of  generator  and  motor 
armatures 


SERVOMOTOR 


Lf:  inductance  of  generator  field 


»  0-C 

tachometer 


AMPLIFIER 


Rt:  equivalent  source  resistance  of 
amplifier  and  field 


VARIABLE 
FRCOUCNCY 
SINUSOIDAL 
SOURCE  E 


Kt,Ka  and  Km:  constants  of 
proportions 


OSCILLOSCOPE 


K\  and  Ki:  real  gain  factors  of  trans¬ 
fer  functions  and  are  not  a  function 
of  frequency 


G\'  and  Gi:  complex  factors  of  transfer 
function  and  are  functions  of  fre¬ 
quency 


-Method  ie  based  on  theoretical  comparison  of  servo  (A)  and  (B)  with  feedback  circuit  (C).  By  adjusting  the  responses  of 
the  two  systems  to  be  the  same  (D)  proper  compensation  is  obtained 


(This  setup,  in  a  simplified  form, 
was  first  developed  by  the  author 
in  1945  while  a  member  of  the 
MIT  Servomechanisms  Labora¬ 
tory.) 

With  switch  Si  open,  the  selector 
switches  S3  and  S«  in  position  1,.  the 
voltage  El  of  the  equivalent  circuit 
and  the  open-circuit  output-voltage 
Eg  of  the  generator  are  placed 
across  the  deflection  plates  of  the 
oscilloscope.  By  adjusting  resistor 


the  actual  servomechanism.  There¬ 
fore,  the  first  factors  of  the  velocity 
transfer  functions  of  the  actual  ser¬ 
vomechanism  and  of  the  equivalent 
circuit  are  the  same  because  the 
servomechanism  contains  only  mini¬ 
mum  phase  networks. 

The  frequency  of  the  variable 
frequency  sinusoidal-voltage  source 
should  be  varied  over  a  large  fre¬ 
quency  range  to  insure  that  the  first 
factors  of  the  velocity  transfer 


Ru  it  is  possible  to  reduce  the  ellip¬ 
tical  figure  on  the  oscilloscope 
screen  to  a  straight  line.  Then  the 
first  factors  of  the  velocity  transfer 
functions  of  the  actual  servomecha¬ 
nism  and  of  the  equivalent  circuit 
are  the  same. 

In  essence,  when  the  ellipse  be¬ 
comes  a  straight  line,  the  phase 
shift  of  the  first  stage  of  the  equiva¬ 
lent  circuit  has  been  made  equal  to 
the  phase  shift  of  the  first  stage  of 
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functions  of  the  actual  servomecha¬ 
nism  and  of  the  equivalent  circuit 
are  the  same  for  all  frequencies. 
Nonlinearities  in  the  servomechan¬ 
ism  may  make  it  impossible  to  ob¬ 
tain  one  value  of  i2,  which  reduces 
the  elliptical  hgyre  to  a  straiprht 
line  for  all  frequencies.  If  this  oc¬ 
curs,  then  that  value  of  i?,  which 
minimizes  the  width  of  the  ellipse 
over  the  frequency  range  of  interest 
should  be  chosen. 

With  switch  S«  closed,  selector 
switches  S,  and  St  in  position  2,  and 
with  the  rotor  of  the  servo  motor 
locked,  the  voltage  £7,  of  the  equiva¬ 
lent  circuit  and  a  voltage  propor¬ 
tional  to  the  current  u  of  Fig.  IB 
are  placed  across  the  deflection 
plates  of  the  oscilloscope.  By  adjust¬ 
ing  resistor  Rj  it  is  possible  to  re¬ 
duce  the  elliptical  figure  to  a 
straight  line,  whereupon  the  second 
factors  of  the  velocity  transfer 
functions  of  the  actual  servomecha¬ 
nism  and  of  the  equivalent  circuit 
are  the  same. 

In  a  similar  fashion,  with  switch 
S,  closed  and  selector  switches  S3 
and  St  in  position  3,  the  voltage  E, 
of  the  equivalent  circuit  and  a  volt¬ 
age  proportional  to  pAo  of  the  servo 


motor  are  placed  across  the  deflec¬ 
tion  plates  of  the  oscilloscope.  By 
proper  adjustment  of  the  resistor 
Rt  it  is  again  possible  to  minimize 
the  width  of  the  ellipse  and  'make 
the  third  factors  of  the  velocity 
transfer  functions  of  the  actual  ser¬ 
vomechanism  and  of  the  equivalent 
circuit  the  same. 

Upon  conclusion  of  these  three 
steps,  the  transfer  function  of  the 
equivalent  circuit  is  proportional  to 
the  velocity  transfer  function  of  the 
unimproved  servomechanism.  As 
mentioned  before,  nonlinearities  in 
the  servomechanism  may  make  it 
necessary  to  choose  values  of  Jf2„  R2, 
and  Rt  which  tend  to  minimize  the 
width  of  the  ellipse  over  the  fre¬ 
quency  range  of  interest. 

From  simple  network  considera¬ 
tions  of  the  equivalent  circuit,  it  is 
possible  to  determine  what  factors 
in  the  unimproved  servomechanism 
limit  its  response.  If  these  factors 
cannot  be  removed  by  redesign, 
then  a  stabilization  network  must 
be  used. 

Stabilization  Network 

The  schematic  diagram  of  Fig. 
2A  shows  how  the  equivalent  cir¬ 


cuit  can  be  incorporated  into  a  feed¬ 
back  amplifier  and  thus  create  a 
stabilization  network.  The  resulting 
feedback  amplifier  will  be  referred 
to  as  the  stabilization  feedback  am¬ 
plifier. 

In  Fig.  2A  the  unimproved  open- 
cycle  servomechanism,  represented 
by  the  transfer  function  K^Gi  of 
Fig.  1,  is  cascaded  with  the  stabili¬ 
zation  feedback  amplifier  having  a 
transfer  function  KtGt.  The  stabili¬ 
zation  feedback  amplifier  has  a  con¬ 
stant  gain  amplifier  Ks  in  its  for¬ 
ward  branch,  and  the  equivalent 
circuit  of  Fig.  1C  in  its  feedback. 

The  expressions  of  Fig.  2A  dem¬ 
onstrate  that  if  Ks  is  large  enough, 
KtGt  approaches  I/K2G,.  It  is  fur¬ 
ther  shown  that  the  overall  transfer 
function  K^Gt  reduces  to  1/Bp  and 
AJA:  to  1/(1  +  Bp). 

Thus  by  combining  the  equivalent 
circuit  of  the  velocity  transfer  func¬ 
tion  of  a  servomechanism  with  an 
amplifier,  it  is  possible  to  obtain  a 
stabilization  network  which  tends 
to  reduce  both  the  transfer  func¬ 
tion  of  the  compensated  servomech¬ 
anism  to  1/Bp,  and  the  output-to- 
input  ratio  to  1/(1  -f  Bp). 

If  the  output-to-input  ratio 


- K,v--— H- - W - ^ 


KtGt  =  Aj/(l  -1- 
if  A.AjGi  >  >  1 
KtGt^  1/  K^t 
then  Kt  Kt  =  K\Gi  KtGt  = 

KxGi/K^t  =  (1/p)  {K/G//KtGi) 
finally  if  K/Jt  is  BiK'G/  then 
KtGt  =  l/Bp 

A  oj Aiz:^  /CtGj/(l  +  KtGt)  =  1/(1  -|-  Bp)  •=z  KtGt 


K  ^G^  = 


I  -h  Kt/(i  +pRC) 


if  Kt/{}  -f-  pH(l)  >  >  1,  K7Gt::z  1  -f-  pHCs 
and  if  BG  =  B,  K^G^  is  1  -|-  Bp 
from  Fig.  2\,  KtGt=  1/(1  -f  Bp) 
then  KtG^  =  K-tGjKtF*  which  is  unity 
At/ At  =  AoGo/(l  -f-  KtGt)  =  1/2 


FIG.  2 — Whan  noceiaary.  additional  ieedback  loops  can  be  added  by  the  basic  technique.  The  experimental  method  helps  to  assure 
that  the  circuit  parameters  of  the  multiloop  system  will  not  produce  oscillation 
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A«-'Ai  of  the  compensated  servo¬ 
mechanism  of  Fig.  2A  is  considered 
to  be  a  transfer  function  .KgGs,  it  is 
possible  to  design  an  equivalent 
network  for  this  transfer  function. 
This  equivalent  network  may  be 
obtained  by  comparing  to  a 

single  R-C  stage  in  a  manner  simi¬ 
lar  to  that  demonstrated  in  Fig. 
ID. 

This  single  stage  equivalent  R-C 
network  can  be  used  as  the  feed¬ 
back  branch  of  a  stabilization  feed¬ 
back  amplifier  and  the  resulting 
feedback  amplifier  cascaded  with 
KoGfl,  as  shown  in  Fig.  2B.  If  this 
is  done,  the  expressions  of  Fig.  2B 
show  that  K-G-.,  the  transfer  func¬ 
tion  of  this  stabilization  feedback 
amplifier,  approaches  and 

the  overall  transfer  function  K«Go 
of  the  twice-compensated  servo¬ 
mechanism  approaches  unity. 
Therefore,  in  the  limit.  A,  becomes 
directly  proportional  to  A,.  Al¬ 
though  not  shown  schematically  in 
Fig.  2,  the  gain  of  the  system  can  be 
increased  with  the  application  of 
the  principle  outlined  above. 

In  the  examples  of  Fig.  2,  it  was 
assumed  that  the  transfer  function 
KtG»  approached  1/  (1  +  Bp)  and 
that,  therefore,  the  R-C  product  of 
the  equivalent  circuit  of  KjGt 
should  equal  B.  In  general,  it  may 
not  be  possible  to  reduce  A;Gs  to  ex¬ 
actly  1/Bp,  and  therefore  JiC„G,  will 
be  slightly  more  complex  than 
1  (1  -i-  Bp,).  Consequently,  ^hen 
comparing  the  equivalent  R-C  net¬ 
work  to  K«G„  a  value  of  R  should 
be  chosen  which  tends  to  minimize 
the  width  of  the  ellipse  over  the 
frequency  range  of  interest. 

Figure  2  shows  that  it  is  possible 
to  enhance  the  stability  of  a  servo¬ 
mechanism  by  first  cascading  the 
open-cycle  servomechanism  with  a 
stabilization  feedback  amplifier  con¬ 
taining  the  equivalent  circuit  of  its 
transfer  function,  and  then  by  clos¬ 
ing  the  servo  feedback  loop  around 
these  two  cascaded  components. 
This  procedure  may  be  repeated 
successively  until  the  desired  im¬ 
provement  in  the  response  of  the 
servomechanism  has  been  achieved. 

Practical  Considerations,' 

In  any  servomechanism  it  may 
not  be  necessary  to  compen.sate  for 
every  time  delay  or  its  equivalent. 
Consequently,  the  equivalent  cir¬ 


cuit  u.sed  in  the  stabilization  feed¬ 
back  amplifier  need  not  always  con¬ 
tain  ail  of  the  terms  of  the 
complete  velocity  transfer  function. 

In  fact,  it  may  be  more  practical  not 
only  to  reduce  the  number  of  terms 
in  the  equivalent  transfer  function, 
but  also  to  approximate  the  remain¬ 
ing  ones. 

Following  this  philosophy,  an 
approximate  equivalent  circuit  can 
be  designed  which  is  composed  of 
only  one  or  two' R-C  networks  or  an 
RLC  network.  With  the  setup  of 
Fig.  ID  the.se  R-C  or  RLC^networks 
can  be  made  equivalent  for  only 
tho.se  frequencies  where  the  maxi¬ 
mum  pha.se  shift  and  resonance  in 
the  servomechanism  response  has 
been  observed.  Then  an  ‘approxi¬ 
mate  stabilization  feedback  ampli¬ 
fier  can  be  constructed,  and  the  pro¬ 
cedure  of  Fig.  2A  gollowed.  The 
remaining  uncompensated  factors 
which  limit  the  response  of  the 
servomechanism  can  either  be  neg¬ 
lected,  or  removed,  by  another  ap¬ 
proximate  equivalent  circuit  and 
stabilization  feedback  amplifier,  as 
was  done  in  Fig.  2B. 

The  number  of  cathode  follow¬ 
ers  used  in  the  equivalent  circuit 
may  be  reduced  if  the  impedance  of 
one  R-C  network  is  several  times 
greater  than  the  impedance  of  the 
preceding  network,  thus  making  it 
unnecessary  to  isolate  these  two 
networks. 

In  some  cases  the  inertia  of  the 
d-c  tachometer  of  Fig.  ID,  might 
be  comparable  to  the  inertia  of  the 
servomotor  which  w’ould  change  the 
effective  characteristics  of  the 
servomotor.  If  this  condition  arises, 
the  d-c  tachometer  should  be  cou¬ 
pled  to  the  motor  through  a  gear  re¬ 
duction.  This  gearing  down  usually 
can  be  accomplished  by  coupling 
the  d-c  tachometer  into  the  output 
gear  train  at  some  convenient  gear 
mesh. 

It  is  a  worthwhile  precaution, 
when  combining  the  equivalent  cir¬ 
cuit  with  an  amplifier,  to  form  a 
stabilization  feedback  amplifier  to 
use  no  more  than  two  time  con¬ 
stants,  or  their  equivalent,  in  one 
feedback  branch.  Otherwise  the 
possibility  exists  that  the  stabili¬ 
zation  feedback  amplifier  may  oscil¬ 
late  itself.  If  there  are  more  than 
two  time  constants,  or  their  equiva¬ 
lent,  in  an  equivalent  circuit,  then 


FIG.  3 — Spring  loaded  lervoi  can  be  com¬ 
pensated  by  an  additional  step  in  the 
method 
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of  motor 
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where  Ii  =  Hi  -j-  /?2  =  Ih  A 

which  liecomes,  on  a  frequency  bsisis, 

Eo/E  =  jAHC.  10/ (1  —  to*  LG  -h 
jliC  w)  i{  LC  =  l/«c® 
wh«,‘re  toe  is  carrier  frequency  and 
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FIG.  4  — Alternating-current  serromecha- 
nisms  can  be  handled  similarly  to  d-c 
ones,  but  see  Fig.  5 
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this  circuit  holds  only  over  a  lim¬ 
ited  region  of  the  modulating  signal 
frequencies.  This  situation  is  gen¬ 
erally  true  of  any  a-c  network  con¬ 
taining  only  linear  elements. 

The  parameters  of  this  equiva¬ 
lent  circuit  may  be  determined  by 
the  procedure  demonstrated  in  Fig. 
ID.  As  there  are  two  variables,  L 
and  R  to  be  adjusted  together, 
tuning  L  and  C  so  that  they  reson¬ 
ate  at  the  carrier  frequency  leaves 
only  R  to  be  adjusted. 

As  mentioned  before,  the  a-c 
servomotor  demodulates  the  modu¬ 
lated  suppressed-carrier  signal, 
and,  therefore,  it  is  difficult  with 
linear  elements  to  synthesize  a  net¬ 
work  which  is  the  equivalent  of  the 
a-c  servomotor.  This  factor  makes 
it  quite  difficult  to  obtain  as  much 
stabilization  from  linear  a-c  net¬ 
works  as  from  linear  d-c  ones.  It  is, 
therefore,  suggested  that  a  small 
two-phase  motor,  directly  coupled 
to  a  small  a-c  rate  generator,  be 
used  as  the  equivalent  circuit  for 
an  a-c  servomechanism.  This  small 
two-phase  motor  and  generator 
combination  can  then  be  used  as 
the  feedback  branch  of  a  stabiliza¬ 
tion  feedback  amplifier,  and  the  re¬ 
sulting  amplifier  will  serve  as  a 
stabilization  network  for  two-phase 
servomechanisms.  Figure  5  demon¬ 
strates  the  method  by  which  this 
may  be  accomplished. 

The  a-c  amplifier  No.  2  of  Fig. 
5  does  not  need  to  be  a  separate 
amplifier,  but  may  be  a  stage  from 
either  K,  or  a-c  amplifier  No.  3.  A 
velocity  signal  proportional  to  the 
signal  developed  by  an  a-c  rate 
generator  can  be  obtained  from  the 
control  phase  of  the  small  two-phase 
motor  and  thus  eliminate  the  a-c 
rate  generator  from  the  circuit  (see 
Fig.  5). 

In  review,  the  response  of  a  servo¬ 
mechanism  can  be  improved  with 
the  aid  of  an  approximate  stabiliza¬ 
tion  feedback  amplifier  (Fig.  ID). 
Furthermore,  if  the  response  is  not 
sufficiently  improved  after  the  use 
of  a  single  stabilization  network, 
additional  networks  may  be  added. 
The  design  of  these  additional  net¬ 
works  usually  is  simplified  by  the 
Figure  4C  is  a  schematic  of  the  use  of  a  minor  feedback  loop  around 
equivalent  circuit  of  the  two-phase  the  first  stabilization  network  and 
induction  servomotor.  As  will  be  the  unimproved  servomechanism 
noted  from  the  analytical  expres-  which  are  in  cascade.  This  effect  is 
sions  of  Fig.  4C,  the  equivalence  of  demonstrated  in  Fig.  2B. 


A-c 

AMPtFICR 


A-C 

AMPLIFIER 


TWO-PHASE  INDUCTION 

servomotor 


A-C  RATE  GENERATOR 

/ 

!  ADOlTlONAL  INERTIA 


A-C 

AMPLIFIER  2 


TWO-PHASE  INOUl 
SERVOMOTOR 


FIG.  5 — Stabiliiing  a-c  aerros  can  be  limpliiied  il  a  motcr-generator  set  is  used  in  the 
feedback  path  instead  of  a  passive  network 


several  stabilization  feedback-  am¬ 
plifiers  should  be  used. 

Good  results  can  be  obtained  from 
a  stabilization  feedback  amplifier 
with  a  value  of  in  Fig.  2A,  of 
only  7  to  10.  '•  The  overall  gain 
A,  of  the  stabilization  feedback 
amplifier  can  be  made  any  value 
desired  by  proper  choice  of  the 
value  of  A,  of  the  equivalent  circuit. 
It  is  worth  noting  that  the 
amplifier  A,  does  not  have  to  be  an 
additional  amplifier,  but  may  be  a 
stage  of  Ai. 

Case  of  Spring  Loading 

In  many  applications  the  output 
motion  of  the  servomotor  is  re¬ 
strained  by  a  spring,  as  in  the  case 
of  a  torque  servomotor  actuating 
the  pilot  valve  of  a  hydraulic  sys¬ 
tem.  Figure  3A  shows  the  electro¬ 
mechanical  circuit  of  a  servomotor 
restrained  by  a  spring  of  stiffness 
A,  and  Fig.  3B  shows  its  equivalent 
circuit.  In  this  example  the  servo¬ 
mechanism  amplifier  stages  are  not 
shown,  and  the  servomotor  is  as¬ 
sumed  to  operate  on  d-c. 

The  output  voltage  Eo  of  the 
equivalent  circuit  may  be  made  pro¬ 
portional  to  the  output  voltage  Eo 
of  the  physical  system  in  a  manner 
similar  to  that  demonstrated  in 
Fig.  ID.  In  this  case  it  is  not  pos¬ 
sible  to  subdivide  the  equivalent 
circuit  or  the  electromechanical  cir¬ 
cuit  so  that  only  one  variable  may 
be  adjusted,  or  compared,  at  a  time. 
This  difficulty  may  be  overcome  by 
noting  that  at  high  frequencies  the 
voltage  Eo  is  primarily  a  function 
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Sub>miniature  for 
"printed  electronic  cir¬ 
cuits."  No.  54A13124 


Grip-pin  t/pe  miniature 
socket,  1"  mtg.  center. 
No.  56F12865 


■  ■■*  \  ^  ^  ■  ivS,  . . ''v 

M AN U F ACT Ul IN 6  C O iPO i ATI  O N 

2335  WEST  VAN  BURIN  STBIET  CHICAGO  12,  lUINOIS 

SiABldlory  of  Unifod^orr  Fostonor  CorporciHoti  •  CcuiibrUigo  42,  MafBO<lHi«otfB 


A  LONG  LINE  OF  FIKTS 


.  .  .  testifies  to  the  confidence 
of  the  electronics  manufac¬ 
turer  in  Cinch.  Behind  "locked 
doors"  the  experimental  engi¬ 
neers  work  on  your  design 
problems,  exploiting  the  broad  electrical  experience 
that  has  contributed  so  much  in  the  development  of 
electronics  and  related  products.  In  the  Cinch  design¬ 
ing  room  many  of  radio's  most  serviceable  features, 
represented  by  small  metal  plastics  parts,  were  created 
and  perfected.  For  example:  The  sub-miniature  and 
the  grip-pin  type  socket.  Cinch  offers  a  complete 
metal  plostic  service  for  small  and  intricate  assemblies. 
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F-M  and  Television  Receiving  Antennas 

By  GEOROE  P.  KEARSE  Senior  Enffineer,  American  Phenolic  Corp.,  Chicago 


Type  of  Antenna;  Leogth  in  FeOt 


Radiation  Pattern 


Approxi¬ 
mate 
Terminal 
Impedance 
in  Ohma 


Gain  over  Dipole 


Reoonunended  Feed  Line, 
Apidioation  and  Remarks 


Electric, 
in  Line  with 
Radiator 


Magnetic, 
Right  Angles 
to  Radiator 


Power 


Decibel! 


PLAIN — TS-ohin  coaxial.  FOLDED — 300-ohm 
twin-lead.  Use  of  twin-lead  to  feed  plain  dipole 
gives  broadband  operation  but  extreme  loss  in 
gain;  not  recommended 

General  two-direction  coverage  for  receiving  in 
areas  of  moderate  signal  strength.  Folded  dipole 
slightly  more  broadbanded  than  plain.  If  300- 
ohm  tarin-lead  is  used  as  radiator,  do  not  shorten 
Ungth  A  for  propagation  factor  f 


WPOLE 


PLAIN — -50-ohm  or  75-ohm  coaxial;  75-ohm 
cable  is  mure  broadlianded.  FOI,DED — 300- 
ohm  twin-lead 

Single-direction  coverage,  high  front-to-back 
ratio  and  high  gain.  Recommended  for  use  in 
areas  of  low  signal  strength  and  where  single¬ 
direction  radiation  pattern  is  desired.  Folded 
radiator  slightly  increases  bandwidth.  If  array 
is  to  bt!  used  over  narrow  band,  calculate  length  B 
at  lowest  frequency  desired.  Reducing  C  to 
0. 15  X  (in  air)  gives  higher  gain  but  lowers  im- 
l>edanoe  and  reduces  bandwidth 


DIPOLE  AND  REFLECTOR 


Uni¬ 
directional 
broadside 
to  radiator 


time^i 


FOLDED 


PL.AIN — 50-ohm  coaxial.  If  better  imiiedance 
match  is  desired,  use  quarter-wave  matching 
transformer;  impedance  of  transformer  should  he 
square  root  of  product  of  line  and  antenna  im¬ 
pedances.  FOLDED — 7.5-ohm  coaxial  or  9.5- 
ohm  twin  coaxial 

Single-direction  coverage,  high  front-to-back 
ratio  and  high  gain.  Very  frequency-sensitive. 
Narrow  bandwidth.  Recommended  for  use  in 
areas  of  very  low  signal  strength  and  for  one  fre¬ 
quency  only.  Spacing  is  X/4;  reducing  C  to 
0. 15X  fur  reflector  and  0. 1  X  for  director  (in  air) 
increases  gain  but  reduces  impedance  to  8  to  10 
ohms  for  plain  and  30  to  tOohmsfor  folded  dipole 


DIPOLE,  REFLECTOR,  AND 
DIRECTOR 
PLAIN  , 


Uni- 

dirs^tional 
broadside 
to  radiator 


tillKW 


FOLDED 


STACKED  DIPOLES 


PLAIN — 50-ohni  coaxial.  FOLDED — 150-ohm 
twin-lead.  ()uarter-wave  matching  transformer 
may  be  used  for  300-ohm  twin-lead  if  desired,  but 
will  be  frequency -sensitive 

High-gain  array  for  use  in  areas  of  low  signal 
strength  and  where  two-direction  coverage  is 
needed.  Useful  over  moderate  frerpiency  bund. 
Value  of  B  may  be  reduced  to  X/8(inair)  if  de¬ 
sired,  with  a  reduction  in  gain 


worn 
cent! 
equi] 
or  8| 
telep 

Cons 

switi 


Figure 

of 

eight. 

bidirectional 

broadside 


eight, 

bidirectional 

broadsi.le 


folded 


•IcTIlCIlts 


PLAIN — 50-ohm  coaxial  cable.  Quarter-wave 
matching  transformer  may  be  used  for  better 
impedance  match  but  will  be  frequency-sensitive. 
FOLDED — 95-ohm  twin  coaxial  cable  or  1 .50-ohm 
twin-lead 

High-gain  array  for  use  in  areas  of  low  signal 
strength  and  where  single-direction  coverage  is 
desired.  Useful  over  rdatively  narrow  baud. 
Value  of  C  may  be  reduced  to  0. 15X  (in  air)  with 
an  increase  in  gain.  Value  of  impedance  will  he 
lower  and  array  will  be  more  frequency-sensitive. 
Value  of  D  may  be  reduced  to  X/8  (in  air)  if 
desired,  with  a  reduction  in  gain 


STACKED  DIPOLES  AND 
REFLECTORS 

PLAIN  , 


FOLDED 


circi 


PLAIN — .50-ohm  coaxial  cable  FOLDF^D — 
150-nhm  twin-lead 

Omuidimctional  coverage  for  use  in  areas  of  high 
signal  strength.  Ixiw  gain.  Very  frequency- 
sensitive;  radiation  pattern  approximates  dipole 
pattern  rotated  45°  from  axis  of  either  dipole 
when  operated  off  frequency.  With  this  array, 
two  dipoles  are  connected  together  with  a  quarter- 
wave  phasing  section  of  75-ohm  coaxial  cable  for 
plain  dipoles  and  300-ohm  txrin-lead  for  folded 
dipoles.  Length  of  phasing  section  must  be  cor¬ 
rected  for  propagation  constant  of  line  used 


turnstile 


PLAIN 


Girculur. 
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elenonts 

with  positive  indexing 
or  spring  return 


Although  only  recently  developed  and  placed  on  the  shorting.  Spring  return  types  have  17  standard  shorting 
market,  this  lever  action  switch  is  in  big  demand.  No  and  17  positive  non-shorting  circuit  combinations.  Write 

wonder!  It  is  ideally  suited  to  intercommunications,  for  engineering  data  folder  or  see  your  nearest  Mallory 

centralized  radio,  sound  distribution  and  public  address  distributor, 
equipment.  It  gives  you  a  choice  of  positive  indexing 

or  spring  return.  It  is  as  dependable  as  the  leaf  spring  j 

telephone  type  switch,  yet  available  at  much  lower  cost.  [  ~  n,^mm  \  5 

Consider  some  of  the  other  "plus”  features  that  set  this  ^  j 

switch  apart:  Self-holding  terminals  of  exclusive  design  •»— —  j 

are  securely  clinched  to  the  stator  without  rivets  or  eye-  "j  ,  Jfl ^  I*-  ^  j 

lets  (just  try  to  pull  them  loose!).  All  terminals,  contacts  A  '‘f  ^  ^ 

and  ground  rings  are  silver  plated  for  low  contact  resis- 

tance.  Constant  tension  of  rotor  contact  members  pro-  —  -21. Viot  : 

r  MAAuk  «o  n*f«i  j  ^  f  anoii  o*  ifvtt  | 

vides  a  dependable,  self-cleaning  action.  Insulation  is  of  _ -  *****  * 

the  highest-grade  phenolic,  MOTiti«mo«iivwMMiMowMMM.i»otmiN»oiffioNSMiM'*»Att‘  «■  tmirwii  wwo*  j 

Positive  indexing  types  of  this  switch  have  48  standard  Send  for  Engineering  Data  Folder  : 

circuit  combinations,  24  shorting  and  24  positive  non-  «  „  ,  *  ^  I 

I  I  be  hncineennc  Data  roMer  for  the  new  .\lallor>  Lever  Action  Switch 
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TUBES  AT  WORK 


Including  INDUSTRIAL  CONTROL 


Edited  by  VIN  ZELUFF 


Automatic  Rat-Cdtcher  Circuit . 

Pulsed  Underwater  Acoustic  Measurements 

Electronic  Fuse . 

Improvinq.  Periormonce  oi  Milliwatt  Relays 

Camera  [Rutter  Timer . 

TelecontroUed  Clocks  . 

Sound  Flashlight  for  the  Blind . 


Circuit  oi  tho  rodent  electrocution  machine 


end  of  the  cycle,  the  grids  return 
to  the  ready  or  arming  position  and 
the  ejection  door  closes. 

During  ejection,  the  plate  voltage 
is  removed  from  the  2060  thyra- 
tron  and  when  the  cycle  is  com¬ 
pleted  this  connection  is  restored  so 
that  the  tube  is  ready  to  be  trig¬ 
gered  by  another  pulse  from  the 
phototube,  in  turn  caused  by 
another  rat.  The  technique  is  said 
to  cause  the  rodent  no  pain,  mutila¬ 
tion  or  freightened  struggle  by  the 
manufacturers  of  the  machine, 
LFC  Corporation,  Rochester,  N.  Y. 


Automatic  Rat-Catcher  Circuit 


Automatic  electrocution  of  rats 
and  other  rodents  is  accomplished 
by  the  machine  illustrated  in  the 
accompanying  photograph.  It  is 
designed  to  be  placed  on  a  rat  run¬ 
way  in  a  factory  building  in  the 
food  or  other  industry  having  a 
general  sanitation  problem. 

The  unit  illustrated  is  normally 
contained  inside  a  metal  case  that 
is  open  at  each  bottom  end  to  pro¬ 
vide  the  rat  runway.  When  a 
rodent  enters  the  runway  he  inter¬ 
cepts  a  beam  of  light  from  a  projec- 


voltage  of  the  power  line  (through 
the  series  60-watt  lamps)  and  the 
potential  is  applied  to  the  rat  for  a 
lethal  period  of  about  120  seconds. 
When  electrocution  is  completed, 
the  rat  is  lifted,  still  held  by  the 
grids,  to  a  door  at  the  side  of  the 
metal  case  which  opens  to  allow 
ejection.  A  motor-driven  mecha¬ 
nism  carries  out  this  ejection  and 
resetting  cycle  in  30  seconds.  At  the 


Pulsed  Underwater  Aeoustie  Measurements 


By  Gborge  F.  Breitwieser 


Acoustics  Laboratory 
Mnssachuaetta  Institute  of  Technology 
Cambridf/e.  Massachusetts 


Underwater  acoustic  measure¬ 
ments  in  laboratory  tanks  are  some¬ 
times  complicated  by  interfering 
waves  reflected  from  the  walls.  Un¬ 
less  the  tank  is  lined  with  highly 
absorbing  material,  steady  state 
measurements  are  difficult  to  make, 
because  standing  waves  of  signifi¬ 
cant  amplitude  are  almost  always 
present. 

This  difficulty  can  be  avoided’ 
however,  if  measurements  are  made 
by  a  pulse  technique  in  the  short 
tion  lamp  that  shines  into  a  photo-  time  interval  before  unwanted  re¬ 
tube  on  the  other  side  of  the  run-  flections  can  reach  the  receiver, 
way.  The  phototube  triggers  a  Such  measurement  of  reflections 
2050  thyratron,  shown  in  the  cir-  from  a  steel  plate  is  illustrated  in 
cuit  diagram,  which  fires  and  ener-  Fig.  1. 

gizes  a  relay  that  connects  the  line  A  burst  of  acoustic  power  is  pro¬ 
voltage  to  a  solenoid.  This  in  turn  jected  into  the  tank.  Echoes  are 
trips  two  metal  grids  having  formed  when  this  burst  strikes  the 
pointed  projections  and  the  grids  plate  and  the  walls  and  before  long 
snap  together  and  hold  the  rat  these  echoes  fill  the  tank  with  com- 
firmly.  plex  wave  patterns.  The  condition 

The  grids  are  maintained  at  the  required  for  measurements  is 


shown  in  Fig.  IB.  Here  the  out¬ 
going  burst  has  entirely  passed,  the 
echoes  reflected  from  the  walls  have 
not  yet  reached  the  receiver,  and 
the  middle  of  the  wave  packet  re¬ 
flected  from  the  plate  is  just  at  the 
receiver. 

Figure  2  is  a  block  layout  of  a  re¬ 
liable  circuit  which  has  been  de¬ 
veloped  for  making  this  kind  of 
measurement.  Only  the  useful 
middle  section  of  the  received  sig¬ 
nal  is  shown  on  an  oscilloscope 
allowing  the  study  of  phase,  ampli¬ 
tude,  and  wave  shape  of  the  re¬ 
flected  wave.  The  measurement 
cycle  is  repeated  at  a  frequency 
which  leaves  time  for  reverberation 
to  die  out  between  bursts.  Pulses 
formed  at  60  cps  from  the  a-c  line 
actuate  a  submultiple  generator 
which  in  turn  delivers  pulses  at  10 
to  60  per  second.  These  pulses 
initiate  the  measurement  cycle  by 
controlling  the  transmitting  and  re¬ 


view  oi  tho  rat  catcher  with  metal  cate  re- 
moTod  to  ehow  the  electronic  and  mechani¬ 
cal  ieaturee 
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^tour  product  assembly  will  be  quicker  and  easier  if  you 
use  top-quality  Dieflex  products.  Every  one  has  smooth  inside 
bore  that  makes  it  easy  to  use.  It  slips  over  bent  wire,  around 
comers,  and  into  crowded  places  quickly,  because  wire  ends 
won’t  catch  on  the  smooth  inside  surfaces. 

The  many  inherent  advantages  of  Dieflex  Tubing  Products, 
including  the  smooth  inside  bore,  extreme  flexibility,  thorough 
impregnation  with  oleoresinous  baking-type  insulating  varnish, 
and  the  many  other  desirable  features  found  in  every  piece, 
are  reasons  for  the  widespread  use  of  Dieflex  Varnished 
Tubing  Products.  Get  these  advantages  for  your  own  prod¬ 
uct.  Dieflex  is  available  with  either  a  cotton  or  glass  fiber 
base  to  meet  your  insulating  requirements.  Call  your  nearest 
representative  for  details. 


DIEFLEX  PRODUCTS  LIST 

MADE  WITH  MAIDED  COTTON  SLEEVING  BASE 

VTA  Grads  A-1  Magnsto  Grads  Vornithsd  Tubings 
VTA  Grads  B-1  Standard  Grads  Varnished  Tubings 
VTA  Grades  C-t  and  C-2  Heavily  Coated  Saturated  Sleevings 
VTA  Grads  C-3  Lightly  Coated  Saturated  Sleevings 
Heavy  Wall  Varnished  Tubings  and  Saturated  Sleevings 

MADE  WITH  MAIDED  GLASS  SLEEVING  BASE 
VTA  Grade  A-1  Magneto  Grade  Varnished  Fiberglos  Tubings 
VTA  Grade  C-1  Extra  Heavily  Saturated  Fiberglos  Sleevings 
VTA  Grade  C-2  Heavily  Saturated  Fiberglas  Sleevings 
VTA  Grade  C-3  Lightly  Saturated  Fiberglas  Sleevings 
Silkons-Trsotsd  Fiberglas  Varnished  Tubings  and  Sleevings 
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FIG.  1 — Acoustic  Boasuromonte  incorporat¬ 
ing  tho  pul'*  tecimlque  ore  made  oniy  dur- 
inq  interral  (B)  when  only  the  desired  re- 
■  fleeted  waves  are  at  Ifce  receiver 


ceivihg  systems,  and  synchronizing 
the  oscilloscope  sweep  circuit. 

An  initiating  pulse  acting  on  the 
oscillator  control  circuit  creates  a 
longer  control  pulse  which  actuates 
the  oscillator.  While  on,  the  oscil¬ 
lator  delivers  a  burst  of  power  at 
its  characteristic  frequency.  This 
burst,  amplified  in  a  conventional 
transmitting  amplifier,  is  delivered 
to  a  transducer  which  then  projects 
a  sound  pulse  into  the  water. 

After  passing  through  the  acous¬ 
tic  system,  the  wave  packet  is 
picked  up  by  a  hydrophone  receiver, 
which  feeds  a  signal  into  the  re¬ 
ceiver  amplifier.  A  gate  circuit  is 
interposed  between  the  output  of 
this  amplifier  and  the  input  of  the 
oscilloscope.  A  delayed  gate  pulse 
is  applied  to  the  receiver  gate  cir¬ 
cuit  when  the  acoustic  pattern  in 
the  tank  has  developed  to  the 
proper  degree.  The  gate  pulse 
allows  the  receiver  to  become  oper¬ 
ative  only  long  enough  to  pass  the 
desired  section  of  the  received 
.signal.  . 

It  will  be  evident  that  full  use 
has  been  made  here  of  the  pulse 
techniques  used  during  the  war  in 
radar  and  sonar  systems.  From  a 
practical  point  of  view,  pha.se  and 


wave  shape  observations  which 
were' out  of  the  que.stion  in  previous 
acoustic  pulsing  equipment  using 
electronic  switch  tubes  can  now  be 
made,  because  variable  switching 
transients  and  lack  of  phase  syn¬ 
chronization  have  been  eliminated. 

The  detailed  schematic  circuit  is 
shown  in  Fig.  3.  Except  for  the 
pulsed  oscillator,*  which  is  some¬ 
what  unusual,  each  section  is  a  con¬ 
ventional  circuit  with  constants  ad¬ 
justed  for  this  application.  These< 
circuits  are  given  in  standard  texts* 
and  can  be  redesigned  by  well 
known  method.s*  *  *  to  fit  other  appli¬ 
cations. 

With  circuit  constants  shown  in 
the  schematic  diagram,  burst  repe¬ 
tition  rates  of  60,  30,  20,  15,  12,  and 
10  per  second  are  possible.  The 
burst  duration  is  adjustable  from  1 


RUiSe  fORMitil 

CIRCUIT' 
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FIG.  2 — Block  diaqram  of  acoustic  pulse 
measurement  equipment 


to  90  milliseconds,  while  the  re¬ 
ceiver  gate  pass  duration  is  vari¬ 
able  between  Q.l  to  9  milliseconds. 
Acoustic  frequencies  from  17  kc  to 
50  kc  are  available,  and  the  receiver 
gate  time  delay  may  be  varied  from 
1  to  90  milliseconds.  Any  of  these 

(continued  on  p  136) 
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FIG.  3 — Schematic  diagram  of  acoustic  measurement  ebeuit  using  the  pulse  technique. 
Resistor  H,  is  variable  in  steps  of  0.75.  l.S,  2,  2.7.  4  and  5  megohms  for  selection  of 

pulse  repetition  rates 
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D-1 75730 

Primary  Frequency  Standard 


Here  is  a  100  kc  frequency  source  of  the  highest 
precision— yet  rugged  enough  to  be  used  in  semi¬ 
portable  service. 

The  frequency  of  the  Western  Electric  Primary 
Frequency  Standard  D-175730  is  maintained  to 
within  one  part  in  10*^,  measured  over  a  period  of 
one  day,  regardless  of  moderate  changes  in  ambient 
temperature,  humidity  and  air  pressure. 

Heart  of  this  high-precision  instrument  is  a 
GT-cut  crystal,  suspended  by  wires  inside  an  evac¬ 
uated  glass  envelope.  Crystal  is  cut  and  ground  for 


extremely  low  temperature  coefficient  (less  than 
10.5  parts  per  10“^  per  degree  F)  and  is  enclosed  in 
an  oven  that  maintains  constant  crystal  tempera¬ 
ture  within  1/  1(X)  of  a  degree. 

If  you  are  making  time-frequency  measurements 
—or  operating  two  or  more  indejjendent  systems  in 
synchronism  —  you  will  want  to  investigate  the 
Western  Electric  Primary  Frequency  Standard. 
For  further  information,  call  your  nearest  Graybar 
Representative,  or  write  Graybar  Electric  Com¬ 
pany,  420  Lexington  Avenue,  New  York  17,  N.  Y. 


Western  Electric 

-QUALITY  COUNTS- 


DISTRIIUTOISt  IN  TBE  TJ.  S.  A.  —  Graybar 
Electric  Company,  in  Canada  and  new 
FOUNDLAND— Northern  Electric  Co.,  Ltd. 
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THE  ELECTRON  ART 


CURE  FOR  RESIDUAL  RIPPLE 

Ripple  introduced  into  hi9li-gain  bol* 
anced  low-frequency  amplifiers  from 
the  altcrnoting  heater  currents  can  be 
removed  by  demagnetizing  the  tubes. 
In  setting  up  hundreds  of  biological 
amplifiers  at  the  Burden  Neurological 
Institute  (England),  it  was  observed 
that  although  ripple  could  be  reduced 
in  some  cases  by  using  tubes  with 
screened  heaters  or  operating  the 
heaters  at  reduced  voltage,  ripple  from 
the  magnetic  component  of  the  heater 
current  remained  in  some  tubes.  Inas¬ 
much  as  selectiqn  of  tubes  wos  imprac¬ 
tical,  some  method  for  removing  this 
source  of  ripple  was  sought.  The  in¬ 
vestigation  showed  that  this  residual 
magnetic  source  of  ripple  could  be  re¬ 
moved  by  demagnetizing  the  tubes  in 
a  decreasing  a-c  field.  (Electronic 
Engineer,  p  235,  July  1948) 
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Radio-Frequency  Mass  Spectrometer . 

Noise  in  Vacuum  Phototubes  at  Hiqh  Current  Levels 

Detectinq  Displacement  . '. . . 

Reducing  Hum  in  Pentodes . 

Survey  of  New  Techniques . 


Radio-Frequency  Mass  Spectrometer 


4  NEW  TYPE  ELECTRONIC  TUBE, 
which  provides  a  greatly  simplified 
and  flexible  mass  spectrometer,  has 
been  designed  by  W.  H.  Bennett  of 
the  National  Bureau  of  Standards. 
The  new  spectrometer  provides 


means  of  exploring  the  little-known 
fundamentals  of  negative  atomic 
ions  and  a  simple  method  for  study¬ 
ing  positive  ions.  The  accompany¬ 
ing  photograph  shows  the  construc¬ 
tion  of  a  single-stage  tube,  which 
requires  low  direct  biasing  voltages 
and  a  radio-frequency  voltage  that  near  which  positive  or  negative  ions 

can  be  varied  from  about  100  kc  to  are  formed,  several  grids  and  a 

3  me  for  its  operation.  In  experi-  plate.  If  negative  ions  are  to  be 

ments  with  negative  ions,  a  mag-  studied,  a  small  magnetic  field  is 

netic  field  of  the  order  of  100  gauss  required  to  confine  the  electrons  to 

parallel  to  the  grids  of  the  tube  is  the  space  inside  the  first  grid  to 

also  required.  prevent  formation  of  positive  ions 

in  other  parts  of  the  tube. 

Ions  arising  at  the  cathode  are 
accelerated  through  the  first  grid 
into  the  alternating  field  of  the 
second  grid,  to  which  the  r-f  voltage 
is  applied.  Those  ions  that  enter 
this  field  at  the  proper  phase,  and 
which  have  a  mass  and  velocity  re¬ 
lated  to  the  frequency  of  the  field, 
pass  through  the  second  grid  as 
the  r-f  potential  changes  polarity. 
Thus  these  ions  are  accelerated 
while  traveling  from  the  first  to  the 
third  grid.  A  blocking  potential, 
nearly  equal  to  the  maximum 
energy  with  which  ions  of  the 
proper  mass  emerge  from  the  r-f 
field,, is  applied  to  the  fourth  grid 
and  the  current  to  the  plate  is  ob¬ 
served,  thus  indicating  the  rate  at 
which  ions  of  a  particular  type  are 
being  formed. 

The  method  can  be  extended  to 
two  cascaded  stages  as  shown  in  the 
following  picture,  thus  obtaining 
a  high  order  of  mass  resolution.  In 
its  more  advanced  form,  this 
double-stage  spectrometer  can  be 
used  for  measuring  positive  or 
negative  ions.  The  equipment  con¬ 
sists  essentially  of  a  multigrid  tube 
in  which  the  adjustable  radio  fre- 
The  radio-frequency  mass  spec-  quency  is  applied  to  two  grids,  one 
trometer  tube  consists  of  a  cathode,  in  each  of  the  two  stages,  while  all 


Formation  'of  Negative  Ions 

Development  of  the  new  tube  was 
necessitated  by  attempts  to  investi¬ 
gate  conditions  leading  to  the  for¬ 
mation  of  negative  atomic  ions  of 
the  heavier  elements.  Detecting, 
separating,  identifying  and  meas¬ 
uring  such  ions  is  one  of  the  neg¬ 
lected  fields  of  research  in  pure 
physics.  These  negative  ions,  con¬ 
sisting  of  atoms  with  extra  elec¬ 
trons,  have  very  low  energies  of 
formation;  their  study  has  been 
difficult  because  of  their  rapid  dis¬ 
sociation  in  very  short  distances, 
before  they  reach  a  measuring  elec¬ 
trode. 

Since  their  discovery  about  40 
years  ago,  negative  ions  have  been 
detected  for  only  a  few  elements, 
although  theory  indicates  that 
many  elements  should  have  such 
ions.  Previous  experiments  at 
NBS  indicated  that  negative  ions 
might  exist  in  many  familiar  forms 
of  electronic  tubes,  but  that  they 
would  not  be  detected  if  the  dis¬ 
charge  path  within  the  tube  was 
longer  than  about  an  inch. 

Operation  of  Spectrometer 


Nsw  eloctronlc  tub*  makei  practical  the 
inTeitigation  of  negative  lone  and  eimpli- 
ties  equipment  for  itudying  poeitiv*  ions 
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OX-CHECKER  .  .  .  FREQUENCY  MODULATED  SIGNAL 
AND  OTHER  DIRECT  READING  TEST  INSTRUMENTS 


DESIGNERS  AND  MANUFACTURERS  OF  THE  "Q"  METER 
GENERATOR  .  .  .  BEAT  FREQUENCY  GENERATOR 


A  d0p0adabh  test  md 
mtaserlag  iastnment 
that  should  be  laihded 
te  yoer  aew  eqeipmeet 
pkms. 


SIMPLIFIED  LAYOUT  AND  SCHEMATIC  OF  THE  160-A  Q-METEk 


THE  BASIC  METHOD  OF  MEASUREMENT  EMTLOYED 

IN  THE  160-A  Q-METER  E 

An  •  rang*  R.F.  oscillator  (E)  supplies  o  hoovy  currotit  (I)  to ' 
on  •xtr*m*ly  low  rosistonc*  load  (R>,  th*  voUi*  of  wMcK 
is  occurotoly  known.  Th*  colHtroled  voltog*  thus  developed 
across  the  load  resistance  (R)  is  coupled  to  a  series  circuit 
consisting  of  th*  inductance  under  test  (L)  and  a  calibrated 
variobl*  air  capacitor  (Co)>  having  a  vernier  section  (C|). 
When  this  series  circuit  is  tuned  to  resonance  by  means  of 
th*  capacitor  (Co  +  Ci),  th*  “O’*  of  th*  inducHmc*  under  test 
is  indicated  directly  by  the  vacuum  tube  voltmeter  (V).  Varia¬ 
tions  of  this  basic  method  of  measurement  or*  used  to  measure 
inductance,  capacitance  and  resistance. 


For  many  years  the  Q-Meter  has  been  an  outstanding  con¬ 
tribution  to  the  field  of  radio  frequency  measuring  equipment. 
It  is  an  indispensible  instrument  to  engineers,  manufacturers, 
research  laboratories  and  to  the  whole  radio  and  electronics 
industry.  Because  of  its  simplicity  and  ease  of  operation,  it 
replaces  many  costly  pieces  of  apparatus  with  which  the  radio 
laboratory  is  customarily  equipped.  More  than  one  radio 
engineer  has  told  us  that  "The  Q-Meter  is  the  most  valuable 
instrument  that  we  have  in  our  laboratory". 

A  FEW  USES  FOR  THE  160-A  Q-METER 

Q  and  inductance  measurement  of  coils. 

Q  and  capacitance  measurement  of  capacitors. 

Dielectric  and  power  factor  measurements  of  ceramics,  plastics 
and  other  insulating  materials. 

Measurement  of  circuit  losses. 

Interelectrode  capacitance  measurements. 

Measurement  of  input  impedance  of  vacuum  tubes. 
Measurement  of  coefficient  of  coupling  of  R.  F.  Transformers. 
Measurement  of  transmission  line  characteristics. 

The  measurement  of  frequency  with  negligible  loading  on  circuit 
under  test  (SOkc. — 75  me.). 

Write  for  catalog  "F”  describing  our  complete  line  of 
electronic  laboratory  measuring  equipment. 


SPEaFICATIONS 

Otedfafor  Frequency  Kssege:  50  kc.  le  75  me.  in  8  ranges. 
OscMator  Frequency  Accuracy:  +  t  %>  50  kc.  —  50  me. 

+  3%,  50  me.  —  75  me. 

Q-Meemirement  Range:  Directty  calibrated  in  Q,  20-250.-  "Mul- 
tiply-Q-By"  Meter  (I)  calibrated  in  tenths  from  x1  to  x2,  and 
also  at  x2.5;  extending  Q  rang*  to  625. 

Q-A4ea$uremenl  Accuracy:  Approximately  5%  for  direct  reading 
meosurement,  for  frequencies  up  to  30  me.  Accuracy  less  at 
higher  frequencies.- 

Capacitance  CoMbroHon  Range:  Main  capacitor  section  (Co) 
30-450  mmf  accuracy  1%  or  1  mmf  whichever  is  greater. 
Vernier  capacitor  section  (01)4- 3  mmf,  zero,— 3  mmf,  calibrated 
in  0.1  mmf  steps.  Accurocy  -f-  0.1  mmf. 


BOONTON^ADIO 

BOOHTOH  •  H  J- U  S  A- vi 


ELECTRONICS— November,  1948 


the  other  electrodes  are  held  at  ap¬ 
propriate  direct  potentials.  As  in 
the  single  stage  unit,  the  ion  cur¬ 
rent  is  measured  at  the  plate.  The 
exacting  requirements  of  negative- 
ion  separation  require  the  use  of  a 
small  magnetic  held  produced  with 
external  coils,  but  ho  magnetic  field 
is  required  if  positive  ions  are  being 
separated. 

Because  large  electromagnets  or 
tubes  containing  electrodes  with 
elaborate  systems  of  slits  are  not 
required  in  the  r-f  mas.s  spectro¬ 
meter,  this  new  instrument  should 
find  wide  application  where  its  reso¬ 
lution  is  sufficient.  One  of  the  prin¬ 
cipal  limitations  upon  the  resolution 
possible  with  ordinary  mass  spec¬ 
trometers  using  magnetic  deflection 
of  beams  is  the  spread  in  energies 
of  the  ions  at  the  source.  The  per¬ 
centage-  spread  can  be  reduced  by 
increasing  the  voltage  applied  to 
the  ions  before  they  are  magnetic¬ 
ally  resolved,  but  the  extent  to 
which  they  can  be  accelerated  is 
limited  by  the  magnetic  field 
strength  that  can  be  produced 
within  the  tube. 

In  the  r-f  mass  spectrometer,  this 
difficulty  is  eliminated  so  that  the 
voltage  applied  to  the  ions  can  be 
pushed  easily  to  at  least  an  addi¬ 
tional  order  of  magnitude.  The  fre¬ 
quencies  that  are  required  are  then 
increased  by  an  amount  equal  to  the 
square  root  of  the  factor  by  which 
the  voltage  is  increased.  Increas¬ 
ing  the  voltage  reduces  the  percent¬ 
age  spread  of  the  measured  mass 
line,  which  is  due  to  the  velocity 
spread  in  the  ion  source,  by  the 
same  percentage  that  the  accelerat¬ 
ing  voltage  is  increased. 

The  large  number  of  grids 
(seven)  in  the  double-stage  spectro¬ 
meter  would  be  impractical  if  it 
were  not  that  a  knitted  wire  fabric, 
which  has  more  than  95-percent 
open  area  and  with  which  this  type 
of  tube  can  readily  be  constructed, 
is  now  available.  The  simplicity 
and  low  cost  of  the  r-f  mass  spectro¬ 
meter  should  make  it  attractive  in 
those  applications  in  which  its 
special  characteristics  make  it 
superior  to  other  kinds  of  mass 
spectrometers.  Although  the  full 
possibilities  of  the  new  tube  have 
not  yet  been  explored,  preliminary 
experimentation  with  it  suggests 
that  it  will  have  wide  application. 
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DISTANCE  SUCH  THAT  IONS  WHICH  ACQUIRE 
MAXIMUM  ENERGY  FROM  FIRST  STAGE 
TAKE  AN  integral  NUMBER  Of  RF  CYCLES 
TO  TRAVERSE  FROM  3RD  TO  6TH  GRID 


RF  FIELD  REGION 


SECOND 
’  STAGE 


COLLECTING  ELECTRODE  (FOR  SINGLE 
STAGE  SPECTROMETER.  THIS  ELECTRODE 
IS  NEAR  4TH  GRID  AND  HELD  AT 
40  VOLTS  TO  PREVENT  POSITIVE  IONS 
FROM  REACHING  IT  IF  NEGATIVE  IONS 
ARE  BEING  INVESTIGATED  FOR  DOUBLE 


Radio-frequency  fields  in  two-stage  mass  spectrometer  separate  ions  by  passing  only 
those  whose  initial  mass  and  velocity  give  them  a  transit  time  comparable  to  r-f  period 


\oif»e  ill  Vaeiiiiiii  Phololiibet*  al  Hi^h  Current  LeveU 


By  R.  F.  Morrison 

Xiilii/aitl  /litrrnu  of  StHH<lnr)lii 
WfiK/ii.ifftoii.  J).  f. 


random  nature  of  photoelectric 
emission.  These  fluctuations  pro¬ 
duce  noise  that  limits  the  percent 
modulation  which  may  be  used  in 
optical  systems  having  phototube 
detectors.  Knowledge  of  the  amount 
of  noise  generated  in  phototubes  is 
essential  to  the  design  of  precision 
optical  equipment.  Several  investi¬ 
gators  have  measured  shot  effect 
noise  at  low  frequencies,  approxi¬ 
mately  1,000  cps,  with  phototube 
currents  of  the  order  of  a  micro¬ 
ampere  or  less'  *. 

The  mean  relative  fluctuation 
0  in  number  of  emitted  electrons 
can  be  deduced  from  the  theory  of 

(continued  on  p  162) 


Measurements  of  the  output  noise 
from  phototubes  were  made  and 
compared  to  the  theoretical  noise 
due  solely  to  shot  effect.  The  good 
agreement  between  measured  and 
computed  values  indicates  that,  at 
cathode  currents  from  as  low  as  50 
microamperes  to  as  high  as  1.0 
milliampere,  shot  effect  is  the  only 
important  source  of  noise. 


Sou  t  ees  of  \oise 

The  flow  of  electrons  from 
cathode  to  anode  of  a  phototube 
under  steady  illumination  is  not 
perfectly  uniform.  Although  the 
average  current  is  constant,  there 
are  small  fluctuations  due  to  the 
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How  CAN  MAGNET  WIRE,  even  Silotex*,  with¬ 
stand  continuous  operation  at  extreme 
high  temperatures? 

The  answer  is  in  war-developed  silicones, 
now  brought  to  the  magnet  wire  field  by 
Anaconda  in  amazing  glass  insulated  Silotex— 
bonded  with  silicone  varnish.  Such  insulation 
qualifies  for  the  new  A.  I.E.  E.  high-tempera- 
ture  rating  of  “Class  H’’. . .  180° ...  a  140°  rise 


in  temperature  over  an  ambient  40°  C! 

Even  at  operating  temperatures  around 
180° G,  here’s  what  Silotex  offers:  Greater  life 
expectancy,  greater  over-load  protection,  im¬ 
munity  to  ambient  temperature,  greater  mois¬ 
ture  resistance,  reduction  in  fire  hazard.  For 
complete  information  on  the  properties  of 
Silotex,  write  to  Anaconda  Wire  and  Cable 
Company,  20  N.  Wacker  Drive,  Chicago  6,  Ill. 


SILICONE  BONDED 


SILOTEX 


•met.  u.s.  rat.  Off. 
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Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  tubes,  testing  appa¬ 
ratus  and  products  closely  allied  to  the  electronics 
field.  A  review  of  catalogs,  handbooks,  technical 
bulletins  and  other  manufacturers^  literature 


overall  size  and  frequency  range  the 
new  oscillator  has  greater  accuracy, 
better '  stability,  and  lower  distor¬ 
tion.  Frequency  range  is  20  cycles 
to  20  kc  with  accuracy  of  rt  (1  per¬ 
cent  +  0.5  cycle)  after  the  dial  zero 
has  been  set  in  terms  of  the  a-c 
line  frequency.  Output  impedance 
is  600  ohms;  normal  maximum  out¬ 
put  is  0.3  watt, with  total  distortion 
of  less  than  0.25  percent  over  most 
of  the  range. 


Subminiatnre  Tubes  ^ 

SONOTONE  CORP.,  ElmsforJ,  N.  Y., 
announces  a  new  line  of  T-2  sub¬ 
miniature  filamentary  type  tubes. 
The  line  includes  a  pentode  voltage 
amplifier  and  pentode  power-output 


Television  Equipment 

Telequip  Radio  Co.,  1901  South 
Washtenaw  Ave.,  Chicago  8,  Ill. 


tube.  Both  types  are  produced  in 
three  filament  current  ratings: -20, 
15,  and  10  milliamperes.  Normal 
filament  voltage  across  the  voltage 
amplifier  is  0.6  volt;  across  the 
power  amplifier,  1.2  volt.  With 
battery  supplies  of  about  20  v  and 
a  typical  hearing-aid  circuit,  the 
amplifier  has  a  voltage  gain  per 
stage  of  about  75,  The  power  tube 
delivers  2  milliwatts  with  a  battery 
drain  of  10  milliwatts. 


Beat-Frequency  Oscillator 

General  Radio  Co.,  275  Massachu¬ 
setts  .Ave.,  Cambridge  39,  Mass. 
Type  1304-A  beat-frequency  oscil¬ 
lator  supersedes  the  older  type 
913-C.  Although  it  is  identical  in 


The  television  picture  generator 
illustrated  is  representative  of  a 
line  of  equipment  for  studio  re¬ 
hearsal  or  broadcast  use.  The  TMG- 
lOOA  monoscope  picture  generator 
and  distribution  panel  are  also 
available- 


Subminiature  Battery 

National  Carbon  Co.,  30  East 
42nd  St.,  New  York  17,  N.  Y.  A 
new  hearing  aid  A  battery  with  life 


_ 

Q'  r 

COi 


of  80  hours  (4.25  ampere-hours 
under  ASA  test  conditions)  is  only 
the  size  of  a  dual  penlite-type  bat¬ 
tery.  Zinc  electrode  is  in  the  center 
and  carbon  straps  on  the  outside  of 
the  plastic  case  act  as  depolarizers. 


Sensitive  D-C  Scope 

American  British  Technology, 
Inc.,  57  Park  Ave.,  New  York  16, 
N.  Y.,  distributors  for  Furzehill 
Labs.  Model  1684K  is  a  new  high- 


sensitivity  version  of  the  Model  D 
scope  and  has  a  gain  of  about  10,000 
times.  Sensitivity  of  the  d-c  ampli¬ 
fiers  for  both  axes  is  1  millivolt  per 
inch.  Frequency  range  up  to  300 
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Step  Attenuator 

Weinschel  Engineering  Co.,  123 
William  St.,  New  York  7,  N.  Y.  A 
new  step  attenuator  can  be  used  in 
the  frequency  range  from  0  to  1,000 
me,  or  by  heterodyne  methods  its 
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LOOK  TO  RAYTHEON 
FOR  ALL  YOUR  NEEDS 

RAYTHEON  is  prepared  to  furnish  complete  equipment 
t  for  television  stations.  Through  this  one  dependable 
and  reliable  source  of  supply  you  can  obtain  any  single 
item  or  an  entire  installation  ranging  from  camera 
chains  to  antenna  and  associated  equipment . . .  includ¬ 
ing  50  watt  microwave  equipment  for  remote  pickup, 
STL,  or  point-to-point  relay.  Raytheon  stands  ready 
to  provide  you  with  prompt  and  intelligent  service  at 
!  all  times. 


RAYTHEON  MANUFACTURING  COMPANY 


Industrial  end  Commarckil  Electronic  Equipment, 

FAA,  AM  and  TV  Broadcast  Equipment,  Tubes  and  Accessories 

WALTHAM  54,  MASSACHUSETTS 


NIW  INGLANO 
Albert  Keleber,  >. 

Raytheon  AAanufocturing  Co. 
Waltham  54,  Mou. 

WA.  5-5860,  Ex.  422 

CHATTANOOGA,  TINNfSSil 

W.  B.  Toylor 
Signal  AAountain 
8-2487 

CHICAGO  6,  ILLINOIS 

Warren  Cozzens 
Ben  Former 

222  West  Adams  Street 
Ron.  7457 
DALLAS  8,  TUAS 
Howard  D.  Crissey 
414  Eosf  10th  Street 
Yole  2-1904 


NIW  YORK  17,  NIW  YORK 

Henry  J.  Geist 
60  East  42nd  Street 
MU.  7-1550 

SAN  FRANCISCO,  Caiiternio 

E.  J.  Rome 

49  Colrfomio  Street 
Sutter  1-0475 

SIATTLI,  WASHINGTON 

Adrion  VanSonten 
135  Harvard  North 
Minor  3537 

WASHINGTON  4,  0.  C. 

Raytheon  Monufocturing  Co. 
739  Munsey  Buildmg 
Republic  5897 


WILMINGTON,  CALIFORNIA 
J.  L  Lovett 

404  North  Avalon  Bhrd.,  Terminal  4-1721 


n,  rv.T\  lx  ifc  H  >iL 


cartridge  designed  for  long-playing 
microgroove  records  has  a  sapphire 
stylus,  1  mil  in  diameter.  One- 
third  smaller  than  previous  models, 
its  shape  makes  it  adaptable  to  vari¬ 
ous  tone  arms  and  gives  more  clear¬ 
ance  for  record  changers. 


range  can  be  effectively  extended  to 
3,000  me.  It  is  useful  for  imped¬ 
ance  measurements,  taking  antenna 
characteristics,  calibrating  volt¬ 
meters,  and  checking  receiver  gain. 
Attenuation  is  0  to  60  db. 


Electronic  Counters 
Technitrol  Engineering  Co., 
Inc.,  3212  Market  St.,  Philadelphia 
4,  Pa.  The'  basic  decade  electronic 


F*M  Radio  Link 

Federal  Telephone  and  Radio 
CORP.,  Clifton,  N.  J.  The  FTL-ll-A 
is  a  high-fidelity  studio-to-tran.smit- 
ter  radio  link  for  f-m  broadcasting. 
It  operates  in  the  940  to  952-mc 


Featheride  tone  arm  and  two  new 
crystal  cartridges  for  reproduction 
of  long-p’aying  microgroove  rec¬ 
ords.  The  unit  is  balanced  to  main¬ 
tain  7-gram  tracking  pressure. 
Model  F12  cartridge  is  for  long- 
playing  records  only,  and  model  Fll 
plays  either  microgroove  or  stand¬ 
ard  records. 


Television  Test  Device 

Radio  Corp.  of  America,  Camden, 
N.  J.  Type  WA-21A  video  sweep 
generator,  when  used  with  suitable 


counter  illustrated  is  combined  with 
switching  circuits  for  counting  and 
timing  circuits  that  involve  speeds 
exceeding  150,000  counts  per 
second.  Predetermined  counting, 
measurement  of  elapsed  time  to  less 
than  7  microseconds,  and  various 
other  features  are  included. 


band  and  permits  program  trans¬ 
mission  up  to  line-of-sight  ranges 
of  approximately  30  miles.  Di-stor- 
tion  is  less  than  0.5  percent  between 
50  and  15,000  cycles,  with  the  noi.se 
level  65  db  below  100-percent  modu¬ 
lation.  The  transmitter  illustrated 
here  has  a  power  output  of  about  3 
watts. 


Loudspeaker 

Klipsch  and  Associates,  Hope, 
Arkansas.  The  new  Style  5  high- 
fidelity  loudspeaker  is  complete 


Subniiniatiire  6AK5 

Raytheon  Meg.  Co.,  Newton,  Ma.s.s, 
The  new  subminiature  type  CK- 
5702/CK605CX  tube  is  now  avail- 


detector  and  oscilloscope,  facilitates 
rapid  testing  of  television  i-f  fre¬ 
quency  systems  with  visual  observa¬ 
tion  of  the  frequency  response  char¬ 
acteristic  through  a  range  of  100 
kc  to  10  me. 


Mierogroove  Cartridge 

General  Electric  Co.,  Syracuse, 
IN.  Y.  A  new  variable  reluctance 


able.  Aside  from  a  small  difference 
in  heater  current,  the  tube  is  elec¬ 
trically  interchangeable  with  the 
type  6AK5.  Sockets  for  the  new 
tube  are  also  available. 


with  cabinet.  Each  loudspeaker 
comprises  a  high-frequency  tweeter 
and  new  K-3-C  woofer  with  response 
down  to  nearly  35  cycles.  Equip¬ 
ment  is  distributed  through  Bro- 
ciner  Electronics  Lab.,  1546  Second 
Ave.,  New  York  28,  N.  Y. 


Tuned-Ribbon  Reproducers 

Audak  Co.,  500  Fifth  Ave.,  New 
York  18,  N.  Y.  The  LM  series  of 
Tuned-Ribbon  reproducers  was  de¬ 
signed  for  use  with  long-playing 
records.  They  operate  with  a  point 

(Continued  on  p  182) 


Tone  Arm 

Webster  ELEtriRic  Co.,  Racine, 
Wisconsin,  has  •  'announced  the 
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FOR  FINER  ALL-WEATHER  RECORDING 


Now  oudlodisc  lacquer 
provides  permanent 
resistance  to  humidity 


Exce''^ive  humidity  ha>  long  l)een  one  of  the  industry’s 
major  problems  —  both  to  the  manufacturer  and  to  the 
recordist.  Humid  conditions  in  factories  have  frequently 
held  up  production  and  caused  excessive  spoilage.  Als«>. 
discs  which  have  absorbed  tcjo  much  moisture  make  poor 
recordings.  The  noise  level  increases  progressively  while 
recording  and  the  cut  gets  greyer  and  greyer. 

Air  conditioning  has  been  tried  by  several  producers, 
but  this  d»>es  not  prevent  moisture  absorption  during 
transportation  and  storage.  The  real  solution  lies  in  the 
formulation  of  a  lacquer  which  will  provide  permanent 
resistance  to  humidity.  This  has  now  been  successfully 
accomplished  by  our  research  laboratory.  Here  are  the 
facts: 


1.  Tut  Improved  Ai  uiooisc  Formllatiu>  ha-  eliminated  all 
production  difficulties  due  to  excessive  humidity.  During  the 
past  summer  no  trouble  was  encountered,  even  with  humidity 
as  high  as  90%. 

2.  Cot  NTLESS  Tests  in  our  “weather  room"  have  proved  the 
new  Aldiodiscs  to  be  remarkably  resistant  to  moisture  absorp¬ 
tion.  Discs  subjected  to  a  temperature  of  90°  at  80%  to  90% 
humidity  for  many  weeks  show  no  increase  in  noise  level  while 
recording.  Ordinary  discs,  under  the  same  conditions,  show 
a  noise  level  increase  of  from  1.5  to  25  dh.  The  most  conclusive 
proof  of  all.  however,  has  come  from  the  field— for  during  the 
past  summer,  one  of  the  most  humid  on  record,  our  customers 
have  reported  no  difficulties  in  recording  or  repro^luction  due 
to  humid  conditions. 

3.  This  “Wevther-Prooe"  Featlre  has  f>een  achieve<l  with¬ 
out  any  basic  change  in  our  lacquer  formulation.  Recordists 
will  therefore  continue  to  note  the  outstanding  qualities  in 
recording,  playback  and  processing  which  have  made  for 
\i  DiODisc  leadership. 

• 

This  improved  humidity-resistant  laci|uer  is  now  used  on  ail 
\lDioDiscs.  It  is  your  assurance  of  finer,  all-weather  recording 
—with  the  same  consistent,  uniform  quality  which  has  char¬ 
acterized  Aidiooiscs  for  a  decade. 

*Re|c.  t.  S.  P.t.  (Jt. 


Audiodiscs  are  manufactured  in  the  L/.S.A.  under  exclusive  license  from  PYRAL,  S.A.R.L.,  Paris. 

Audio  Devices,  Inc.,  444  Madison  Ave.,  N.Y.C. 

txpoRi  Dept:  Rocke  International,  13  East  40th  Street,  New  York  16,  N.  Y. 
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NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 


Radio  '.Parts  Show;  IRE  fellowships 
announced ;  midwest  television  networks ; 
National  Electronics  Conference  program 


Television  Application  Freeze  Announced  by  FCC 


Recent  Action  by  the  FCC  tempo¬ 
rarily  halted  any  further  author¬ 
ization  of  new  television  stations. 
Chairman  Wa3me  Coy  announced 
that  the  freeze  would  remain  in 
effect  long  enough  for  the  Commis¬ 
sion  to  decide  whether  certain 
changes  should  be  made  in  engineer¬ 
ing  standards  for  the  avoidance  of 
interference  between  television  sta¬ 


tions  in  adjacent  cities.  This  inves¬ 
tigation  would  probably  take  about 
six  months. 

The  freeze  order  applies  only  to 
stations  for  which  applications  are 
pending.  Stations  previously  auth¬ 
orized,  including  the  thirty-seven 
now  on  the  air  and  the  eighty-six 
now  under  construction,  are  not 
affected. 


Coolidge  Lab  Dedicated 


Growing  Demand  for  specialized 
industrial  and  medical  applications 
for  x-ray  led  to  the  foundation  of 
the  world’s  largest  x-ray  develop¬ 
ment  laboratory,  by  General  Elec¬ 
tric  X-Ray  Corp.  at  Milwaukee, 


Wisconsin.  The  $760,000  research 
center  will  be  known  as  Coolidge 
Laboratory,  in  honor  of  William  D. 
Coolidge,  x-ray  pioneer  and  director 
emeritus  of  the  GE  Research  Lab, 
Schenectady,  N.  Y.  Dedication 


William  D.  CooHdg*.  father  of  modern  x-ray  tube,  examines  a  million-Tolt  x-ray  tube 


ceremonies,  attended  by  200  radi¬ 
ologists,  1,100  employees,  and  200 
industrial  leaders,  physicists  and 
research  scientists,  were  high¬ 
lighted  by  the  addresses  of  Charles 
E.  Wilson,  president  of  General 
Electric,  and  Dr.  William  D.  Cool¬ 
idge,  the  guest  of  honor. 

Since  GE’s  expansion  program 
began  a  year  ago,  seven  major 
pieces  of  equipment  have  been  de¬ 
veloped  by  the  Coolidge  Labora¬ 
tory:  the  Cardioscribe,  a  new 
direct-writing  electrocardiograph 
that  eliminates  developing  a  film 
to  read  the  heart’s  action ;  a  direct- 
recording  x-ray  diffraction  ma¬ 
chine,  which  opens  broad  fields  for 
the  application  of  diffraction  and 
facilitates  analysis  of  unknown 
materials;  the  Maximar  100,  a  100, 
000-volt  machine  designed  especi¬ 
ally  for  treating  skin  diseases;  the 
Maxiscope  500,  a  new  type  of  robot 
x-ray  apparatus  equipped  for  high- 
voltage  radiography  to  provide  bet¬ 
ter  x-rays  of  heavy  body  sections; 
a  new  t3npe  Inductotherin,  not  yet 
ready  for  announcement;  a  special 
fluoroscope  used  by  shoe  manufac¬ 
turers  to  find  unwanted  nails  in 
shoes;  and  a  new  line  of  x-ray  film 
illuminators  using  circular  fluor¬ 
escent  lamps. 

New  IRE  Section 

Over  Forty  People  attended  a 
recent  organizational  meeting  of 
the  IRE,  held  in  Omaha,  Nebraska, 
and  signed  a  petition  asking  the 
national  board  of  directors  of  IRE 
to  form  an  Omaha-Lincoln  Section. 
Papers  were  read,  a  collection  was 
taken  up  to  help  finance  the  activity, 
and  temporary  officers  were  elected. 

The  meeting  was  presided  over 
by  George  Hixenbaugh,  chairman 
of  the  Cedar  Rapids  Section.  An 
address  outlining  the  place  of  the 
IRE  in  the  local  situation  was  given 
by  T.  A.  Hunter,  regional  director. 
John  A.  Green,  secretary-treasurer 
of  Region  5,  assisted  with  the 
organizational  activity  for  the  new 
section. 


Rochester  Fall  Meeting 

Tentative  Program  of  the  Roch¬ 
ester  Fall  Meeting  of  members  of 
the  IRE  and  RMA  Engineering  De¬ 
partment,  to  be  held  at  the  Sheraton 
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UHF  EQUIPMENT 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 


DEVELOPED  •  DESIGNED  •  PRODUCED 
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Detailed  information  and  estimates  of  LAVOIE  service 
are  available  promptly  without  cost  or  obligation. 


1IADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE.  N.  J. 


ELECTRONICS  —  November,  1948 


133 


Hotel,  Rochester,  N.  Y.,  November 
8,  9  and  10,  1948,  is  as  follows: 


MEETINGS 


Monday,  Not.  8 

9  ;30  A.  M. — Technical  Sessioo — B.  E 
.Shackelford  presiding : 

A  Television  Station  Selector  Using  Die 
.stamped  Inductances,  by  A.  D.  Sobel  of 
A.  W.  Frankiin  Mfg.  Corp. 

A  discussion  of  Image  Sharpness  in 
Photography  and  Television,  by  O.  II. 
S<’hade  of  RCA.  • 

Application  of  Siibminiature  Tnb*-s,  by 
It.  K.  McCIIntfH-k  of  Sylvania. 

2:00  P.  M. — Technical  Session — D.  It. 
Smith  presiding: 

The  Transitrol,  an  Experimental  AF  " 
Tube,  by  J.  Kurshan  of  RCA  Laboratories. 

A  New  Low-Noise.  T,'iw-AIIcroDho»'  ■' 
Miniature  Tube,  by  C.  R.  Knight  and  A.  P. 
Hsase  of  OE. 

4  :00  P.  M. — Committee  Meetings 
.S:ir»  P.  M. — General  .Session — E.  F.  C"".!- 
ter-  nresiding : 

What’s  When  in  America,  by  Kennet"' 
W.  .larvls,  i*onsultlng  engineer. 

9:1.')  P.  M. — .Stag  Party,  courtesy  o" 
Ajnerk’an  I.ava  t'orp. 

Ta-sday,  Nov.  9 

9  :00  A.  M. — Technical  Session — S.  1. 
BsMey,  presid'nir: 

Report  of  RMA  Safety  Committee,  by 
William  Vassar  of  Emerson. 

Developments  In  Germanium  Crystals, 
It.v  Stuart  T.  Martin  and  Harold  H“in.« 
of  Sylvania. 

A  Television  Distrilnitlon  System  for 

I, a'>oratory  i'se,  l>v  .Joseph  FIsber  of 
Plil'co. 

2:00  P.  M — Technical  .Session — D.  1). 
Israel  presiding: 

A  Direct-Coupled  Video  and  \GC  S'--- 
tem  for  Television  Receivers,  by  H.  R 
Shaw  of  Colonial  Radio  Corp. 

A  Pulse-Cross  Generator  for  Televisio  > 
Receiver  Production,  by  R.  P.  Burr  o'" 
Harelt'ne. 

4  :00  P.  M. — Committee  Meetings 

fi  :30  P.  M. — Steg  6an<|uet — B.  DcFore;  1 
Bayly,  tf>astmaster  » 

Wednesday,  Nov.  10 

9  :30  A.  M. — Technical  Session — O.  1, 
Angevine,  Jr.  presiding: 

Lightweight  Pickup  D“slgn  for  M'cr«)- 
groove  Record  Playing,  by  B.  P.  Haine- 
Elmo  Voegtlln.  C.  D.  O’Xelll  and  R.  S. 
Cranmer  of  Pliilco. 

Symposium  —  What  Constitutes  Hi"'' 
Fidelity.  l>y  Harvey  P.  Fletcher  of  Bel’ 
Telephone  Laboratories,  John  K.  Hilliard 
of  Altec  T.rfinslng  Corp.  and  C.  J.  LeBel. 
consultant. 

High-Quality  Audio  System  for  Radio 
Receivers,  by  R.  S.  Anderson  and  B.  E. 
Atwood  of  Stromberg-Carlson  Co. 

2  :00  P.  M. — Technical  Session — K.  .1. 
Gardner  presiding: 

Front  Ends  of  Television  Receivers,  bv 

J.  O.  Silvey  of  GE. 

A  Plcture-And-Sound-Modulated  Gener¬ 
ator  for  Television  Receiver  Production, 
by  W.  R.  Stone  of  Hazeltlne. 

*  :ftO  P.  M. — Committee  Meetings 

5  :00  P.  M  — P^’otographlc  Session — A.  I.. 
Schoen  presiding. 


Nov.  29-Dec.  4:  18th  National 
Exposition  of  Power  and  Me¬ 
chanical  Engineering,  Grand 
Central  Palace,  New  York. 

Dec.  10-11:  Southwestern  IRE 
Conference,  Baker  Hotel, 
Dallas,  Texas. 

Jan.  10-12:  Symposium  on 
high-frequency  measurements, 
held  by  Instruments  and 
Measurements  Committee 
jointly  with  the  IRE  and 
National  Bureau  of  Stand¬ 
ards,  at  Wa.tihington,  D.  C. 

•April  11-15:  Sixth  Western 
Metal  Congress  and  Exposi¬ 
tion,  Shrine  Auditorium,  Los 
Angeles,  Calif. 

May  16-20:  Radio  Parts  Indus¬ 
try  Trade  Show  and  RMA 
Silver  Anniversary  Conven¬ 
tion,  Hotel  Stevens,  Chicago. 


Oct.  25-29:  64th  semiannual 
convention.  Society  of  Motion 
Picture  Engineers,  Hotel 
Statler,  Washington,  D.  C. 

Oct.  27-28:  Annual  Convention, 
Society  for  Non-Destructive 
Testing,  Hotel  Adelphia,  Phil¬ 
adelphia. 

Nov,  4-6:  National  Electronics 
Conference,  Edgewater  Beach 
Hotel,  Chicago. 

Nov.  8-10:  Twentieth  Rochester 
Fall  Meeting  of  members  of 
IRE  and  RMA  Engineering 
Dept.,  Sheraton  Hotel,  Roch¬ 
ester,  N.  Y. 

Nov.  29-Dec.  1 :  Conference  on 
electronic  instrumentation  in 
nucleonics  and  medicine,  spon¬ 
sored  by  IRE  and  AIEE,  En¬ 
gineering  Societies  Building, 
New  York  City. 


eight  miles  to  classrooms  at  the 
Merchant  Marine  Academy,  Kings 
Point,  N.  Y.,  where  one-fifth  of  the 
third-year  c  a=s  will  be  taught  two 
subjects  bv  television.  Other  stu¬ 
dents  will  receive  standard  instruc¬ 
tion,  and  results  will  be  evaluated 
by  the  Psychology  Department  of 
Fordham  University. 

Plans  call  for  a  tryout  of  network 
television  training  before  the  end  of 
the  year,  with  lectures  going  out 
from  Special  Devices  Center  over 
existing  and  new  coaxial  lines  and 
microwave  relay  facilities  tor  Naval 
Air  Reserve  Stations  at  Squantum, 
Floyd  Bennett,  Willow  Grove  and 
Anacostia.  In  all  these  tests,  tele- 

(continued  on  p  212) 


cisco  audio  engineers.  The  new 
speaker  serves  the  range  from  5,000 
to  20,000  cps,  operating  above  an 
ordinary  tweeter,  and  is  essentially 
nondirectional  in  both  horizontal 
and  vertical  planes.  It  features  a 
moving  system  of  only  142  milli¬ 
grams. 


Navy  Training  by  Television 

Evaluation  and  test  of  television 
as  a  vehicle  for  mass  training  of 
military  personnel  with  a  minimum 
of  instructors  is  now  under  way  at 
the  Navy’s  Special  Devices  Center 
near  Port  Washington,  Long  Island. 
Weekly  television  lectures  on  naval 
science  subjects  are  being  telecast 


\inlio  Engineers 
Compare  Loudspeakers 

A  Recent  Meeting  of  the  San 
Francisco  Section  of  Audio  Engi¬ 
neering  Society  featured  a  listening 
te.st  of  twenty  different  commercial 
loudspeakers  and  a  demonstration 
of  a  new  tweeter-tweeter  speaker. 
Groups  of  high-fidelity  speakers 
were  cross-compared,  driven  from 
the  output  of  a  pair  of  push-pull 
2irs  operating  essentially  as  a 
zero-impedance  source.  Audio  was 
derived  from  an  Ampex  tape 
recorder. 

The  session  concluded  with  a 
description  and  demonstration  of  a 
new  h-f  speaker  developed  by  Bob 
Smith  and  Water  Selsted,  San  Fran- 


N«wl7-«l*ct*<l  oiiicars  oi  the  San  Francisco  Section  oi  Audio  Engineering  Society  are, 
left  to  right:  Myron  Stolaroii,  Ampex  Electric  Corp.;  Jack  Mullen.  Bing  Crosby  Enterprises; 
Harold  Lindsay  and  Frank  Lennart.  Ampex;  Don  E.  Lincoln.  Audiophone;  I.  R.  Gonic, 
Audiophone  (chairman);  Walter  T.  Selsted.  Pacific  Broadcasting;  Dick  Beck.  C.  C.  Brown 
and  Ross  H.  Snyder.  KJBS-FM 
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A  lot  of  speaker 
in  a  little  space 


TUBES  AT  WORK 

(continaed  from  p  122) 
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no.  4 — Long  •xposure  oscillograms  show¬ 
ing  signal  pulse  and  yated  response 

parameters  may  be  adjusted  inde¬ 
pendently. 

This  circuit  is  sufficiently  stable 
for  close  comparison  of  amplitudes, 
wave  shapes  and  phase  angles.  Os¬ 
cillator  frequency  drift  is  small 
enough  to  permit  accurate  measure¬ 
ments  extending  over  15  minutes  or 
more.  Operation  of  the  receiver 
gate  can  be  adjusted  within  a  few 
microseconds.  Figure  4  illustrates 
the  quality  of  the  transmitted  wave 
packet  and  the  gated  receiver 
signal. 

This  work  was  supported  in  part 
by  the  Navy  Department,  Bureau 
of  Ships,  under  Contract  NObs- 
25391,  Task  No.  1. 
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Electronic  Fuse 

Occasionally  situations  arise  in 
which  it  may  be  necessary  to  fuse 
a  circuit  when  the  current  passing 
through  the  fuse  does  not  exceed 
the  normal  current.  A  circuit 
which  provides  heat  control  by 
turning  off  and  on  a  heating  ele¬ 
ment  may  provide  just  such  a  situ¬ 
ation.  In  case  of  failure  of  the 
control  mechanism  or  of  the  con¬ 
tactor  which  opens  and  closes  the 
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FOR  r'f  heating- 
better  PERFORMANCE 
LONGER  LIFE 


ML- 5668 


(REPLACES  TYPE  892  FOR  ELECTRONIC  HEATING) 


AND  UNIQUE  MACHLETT  AUTOMATIC  SEAL  WATER  JACKET* 


ML  SMI— WcrtT-<ooUd  RF  Hvoting  Tried*.  With  Mochlctt  Awtomotic  S*al 
Wat*r  Jack*!  it  directly  iiit*rchang*abl*  with  Typ*  892.  AAox.  Input— 28  kw. 
Max.  Plat*  Dittipation— 20  kw.  For  equivalent  anode  diuipotion  requires 
lett  than  14  water  flow  needed  by  the  892. 

^ot.  applied  for 


MACHLETT  AUTOMATIC  SEAL  WATER  JACKET.*  No  tools  needed  to  open 
and  close  this  new  jacket.  No  worry  about  tube  breakage  or  water  leakage. 
Jocket  cannot  be  opened  unless  water  pressure  is  off,  nor  closed  unless 
tub*  is  properly  seated.  Your  hand  opens  and  closes  a  perfectly  safe 
seal  with  just  a  single  twist. 


The  new  Machlett  ML-3668  is  of  special  and  direct 
interest  to  every  operator  of  elearonic  heating  equip¬ 
ment  using  the  892  type  of  tube.  The  ML-5668,  in  combina¬ 
tion  with  the  Machlett  Automatic  Seal  Water  Jacket,  is 
directly  interchangeable  with  the  892  and  its  jacket,  and, 
since  it  is  designed  specifically  for  this  type  of  service,  will 
provide  greater  effeaiveness  and  increased  economy  on  both 
induaion  and  dielearic  heating  applications.  RF  heating 
requires  the  very  best  in  tube  design,  construaion,  and  pro¬ 
cessing,  and  the  ML-5668,  with  its  extra-heavy  and  uniquely- 
processed  anode,  its  mechanically-sturdier  grid,  cathode  and 
terminal  construaion,  truly  meets  the 
need.  This  tube,  and  those  who  use  it, 
benefit  fully  from  Machlett ’s  advanced 
techniques  of  design  and  manufacture. 


For  better,  more  consistent  performance— for  lower 
operating  costs— for  longer  tube  life— replace  the  892 
with  the  ML'%68- 

*  ♦  « 

The  advantages  offered  by  ML-5668  are  also  available  to 
manufacturers  and  users  of  equipment  employing  other  com¬ 
munication-type  tubes,  such  as  the  889A  and  880,  through 
the  new  Machlett  Types  ML-5604,  ML-5619,  ML-5666  and 
ML-5658.  These  RF  heating  tubes  were  designed,  built  and 
rated  for  elearonic  heating  service,  without  compromise 
with  the  needs  of  other  applications.  For  the  complae  story 
of  the  improved  performance  and  lower 
costs  offered  by  these  tubes,  write 
Machlett  Laboratories,  Inc.,  Springdale, 
Conneaicut. 


Over  50  Years 
of  Electron  Tube  Experience 


MACHLETT  L  ABORATORIES,  INC. 

Springdale,  Connecticut 
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TUliS  AT  WORK  (continiied) 

circuit,  the  heating  element  will 
continue  to  raise  the  temperature 
above  that  desired,  and  may  consti¬ 
tute  a  fire  hazard. 

An  ordinary  fuse  will  not  provide 
protection  against  this  hazard, 
since  the  current  in  the  heat¬ 
ing  element  has  not  changed  appre¬ 
ciably  from  its  normal  value. 
Temperature  sensitive  devices  may 
be  too  expensive  or  may  not  be  de¬ 
sirable  for  other  reasons. 

In  one  electric  blanket,  a  feeler 
wire  is  placed  through  the  blanket 
that  responds  to  temperature 
change,  and  this  response  serves  as 
the  basis  for  a  control  voltage.  The 
control  opens  or  closes  a  contactor 
to  maintain  the  proper  heating  in 
the  blanket.  If  the  contactor  fails 
to  open  at  the  proper  time,  some 
means  must  be  provided  to  open  the 
circuit  to  prevent  excessive  over¬ 
heating. 

Both  the  desired  protection  and 
comfort  are  obtained  with  a  thy- 
ratron.  The  current  carried  by  the 
tube  when  it  is  conducting  is  lim¬ 
ited  by  the  impedance  in  series  with 
the  tube,  which  need  not  necessar¬ 
ily  affect  the  operation  of  the  cir¬ 
cuit  to  be  fused. 

When  two  cathode  connections 
are  provided  in  a  thyratron  tube, 
one  side  of  the  voltage  supply  can 
be  connected  to  one  of  the  cathode 
connections,  and  the  other  cathode 
terminal  connected  to  the  circuit, 
thereby  making  a  lead  inside  the 
tube  actually  a  part  of  the  supply 
line  to  the  circuit.  The  anode  of 
the  thyratron  is  connected  to  the 
other  side  of  the  supply  voltage,  the 
tube  normally  not  conducting  cur¬ 
rent  and  therefore  not  affecting 
the  operation  of  the  circuit. 

The  grid  circuit  of  the  thyratron 
is  connected  to  the  control  circuit 
in  such  a  way  that  as  a  fault  occurs 
which  would  cause  overheating  of 
the  element,  the  negative  grid  volt¬ 
age  on  the  thyratron  is  reduced  to  a 
point  where  the  tube  conducts.  The 
tube  current  will  be  far  in  excess  of 
the  circuit  current  and  will  be  suf¬ 
ficient  to  burn  out  one  of  the  cath¬ 
ode  connections,  thereby  opening 
the  supply  line  to  the  heating  ele¬ 
ment.  Like  any  other  fuse,  the 
tube  is  rendered  useless  and  must 
be  replaced  when  the  circuit  fault 
has  been  corrected. 

The  GL-1367,  a  General  Electric 


The  Western  Electric  Ml  Power 
Line  Carrier  Telephone  System  per¬ 
mits  telephone  service  in  thousands 
of  farm  houses  having  electric 
power  service  but  no  telephone  wire 
line  connections.  It  will  help  raise 
living  standards  in  many  rural  areas. 

Sigma  Relays  are  used  for  three 
functions  in  this  equipment,  two  of 
which  are  unusually  exacting.  By 
careful  cooperative  study  of  each 
application  Sigma  was  able  to  work 
out  solutions  using  highly  refined 
but  none  the  less  conventional  sen¬ 
sitive  relays  of  standard  Sigma  de¬ 
sign  —  available  at  comparatively 
low  cost. 

From  vending  machines  to  V- 
Bombs  specialized  relay  design 
plus  facility  at  solving  problems 
involving  circuit,  relay  and  func¬ 
tion  enable  Sigma  to  render  valu¬ 
able  service. 


Common  Carrier  Terminal  Chassis 


Subscriber  Coupling  Unit 


SIGMA  RELAY  TYPES 

A.C.  -  D.C.  -  POLAR 
SENSITIVE  -  PRECISION  -  KEYING 
SINGLE  OR  MULTIPLE  CIRCUIT 
From  68^  le  $25.00  each! 


Subscriber  Terminal  Equipment 


RELAYS 

62  CEYLON  ST.,  BOSTON  21,  MASS. 
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eVERY  KNOWN  TEST  QUALIFIES 
WILBUR  B.  DRIVER  ALLOYS  FOR 
SUPERIOR  INSTRUMENTATION! 

Photomicrographic  checking  of  grain  size  and 
quality  of  metals  is  only  one  of  the  exhaustive 
tests  which  Wilbur  B.  Driver  resistance  alloys  are 
subjected  to  throughout  production.  There  are 
many  others  including  ASTld  life,  tensile  strength, 
yield  point,  hardness,  micrometer  and  thorough 
testing  for  resistance.  These  constant  checks  plus 
industry«old  experience,  are  the  reasons  you  can 
depend  on  all  Wilbur  B.  Driver  alloys  to  perform 
as  specified.  The  alloys  listed  are  so  produced,  and 
are  especially  recommended  for  instrumentation. 


CUPRON 

FOR  CONTROLS.  RHEOSTATS  ETC  LOW 
temperature  coefficient  over  a  wide 
range  of  temperature 

>■ 

MANGANIN 

FOR  METER  AND  INSTRUMENT  SHUNTS 
LOW  temperature  coefficient  lOW 
thermal  EmF  aGaif.ST  copper 

tVANOHM 

high  resistance  and  low  tempera 

TURE  COEFFICIENT  REDUCE  SI7E  AND 
INCREASE  ohmic  STAEIIIiTY  OF  WIRE 
WOUND  RESISTORS 


WILBUR  B.  DRIVER  CO. 

ISO  RIVERSIDE  AVE..  NEWARK  4.  NEW  JERSEY 


POWERFUL 


TUIES  AT  WORK 
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COMPACT  • 


.  .  .  solves  remote'control  problems 


The  many  production  uses  of  Ledex 
Rotary  Solenoids  vary  from  actuating 
bomb  releases  in  military  aircraft  to  con¬ 
trolling  hydraulic  valves  in  heavy  duty 
industrial  material  handling  equipment. 

Five  Ledex  Rotary  Solenoid  models  are 
manufactured.  Diameters  range  from 
to  3  Yg  inches.  Predetermined  rotation  up 
to  95°,  either  right  or  left,  can  be  engi¬ 
neered  to  suit  r  your  production  require¬ 
ments.  Starting  torques  for  45°  of  rotation 
range  from  to  50  pound-inches. 

'Precision  manufacture  to  exacting  speci¬ 
fications  and  individual  operating  tests  are 
your  assurance  of  dependable,  long-life 
service  under  severe  operating  conditions. 


Magnetic  action  moves  the 
armature  along  the  solenoid 
axis.  This  action  is  converted 
into  a  rotary  motion  by 
means  of  ball  bearings  on  in¬ 
clined  races. 


development,  is  desisrned  specifi¬ 
cally  for  such  use.  Two  cathode 
connections  are  provided  so  that 
the  series  connection  can  be  made 
in  the  circuit  supply  line,  and  the 
tube  is  designed  to  bum  out  this 
connection  when  the  tube  is  oper¬ 
ated  directly  across  a  110- volt 
I  source.  The  cathode  connections 
I  normally  carry  about  1.5  ampere. 

I 

I  Improving  Performance  of 

I  Milliwatt  Relays 

'  By  Gene  Halperin 

j  Sanda  Point,  N.  Y. 

I  Many  relays  of  the  sensitive  polar- 
;  ized  type  operating  on  as  little  as 
!  one-half  milliwatt  have  contact 
characteristics  which  make  opera- 
.|  tion  in  aircraft  or  other  mobile 
applications  difficult.  The  causes 
for  unsatisfactory  operation  are 
generally  inherent  in  the  physical 
design  or  a  function  of  the  high 
sensitivity  of  the  relay. 

■  Several  milliwatt  relays  investi¬ 
gated  for  use  in  an  airborne 
temperature  control  exhibited  al- 


MODEL  No. 

2 

5 

6 

7 

8 

Oiomstar 

IVi" 

IVi" 

S'A' 

2%- 

3%" 

Torqus 

Ib.-Inchst 

% 

5 

10 

75 

'  50 

WstghI  Ibt. 

Vi 

• 

2'/4 

4 'A 

G.  H.  LELAND.  INC. 

118  Webster  Street,  Dayton  2,  CHiio 

Send  deKriptive  literature  on  the  Ledex  Rotary  Solenoid. 
The  Ledex  Rotary  Solenoid  may  be  applicable  to  our  .  .  . 


Product 


Name. 


FIG.  1 — Operation  it  improTed  by  addition 
of  coils  L,  and 


most  a  linear  relationship  between 
input  current  to  the  coil  and  con¬ 
tact-arm  motion.  Where  the  input 
signal  is  a  slowly  varying  function, 
such  as  in  a  temperature  control, 
this  linearity  can  cause  the  moving 
contact  to  hover  a  few  ten-thou¬ 
sandths  of  an  inch  away  from  the 
fixed  contact. 

Under  these  conditions  any  small 
vibration  or  variation  in  line  volt¬ 
age  can  cause  a  momentary  closure 
of  the  contacts,  but  since  there  is 
not  yet  enough  input  to  develop  con¬ 
tact  pressure,  the  moving  arm  when 
relieved  of  the  disturbing  force 
(vibration  or  voltage  variation) 
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l•lo«  ...  A  CUr«tf«t 
Wire-wound  Potonliomotor  «nd  Rhoottof 
Product  shown  thru  courtosy  ot 
CLAROSTAT  MANUFACTURING  CO.,  INC. 


To  LoH  —  " 

Midget  Site  Clerostef*' ' 
Potentiometer  end  Rhoostet 


CLAROSTAT  ^  CONTROLS  SOLVE 
RESISTANCE  PROBLEMS 


When  Metal  Controls  are  Anchored 
in  Plastic  "They  Stay  Put!  ( 


In  fact,  as  Clarostat  states  it,  "Clarostat  is  interested 
solely  in  resistance.  This  specialization  is  reflected  in 
the  personnel  and  material  engaged  in  Clarostat  pro* 
duction.  Every  worker,  machine,  operation  represents 
the  end  result  of  over  a  quarter-century  spent  in  learn¬ 
ing  how  to  make  quality  resistors  at  mass-production 
prices." 

Consolidated  as  a  plastics  production  source,  holds  this 
company's  precision  requirements  in  highest  regard  . . . 
for  we,  too,  after  many  years  of  service  have  built  our 
custom-molding  reputation  upon  quality.  For  your  prod¬ 
ucts,  too,  some  plastic  may  help  metal  components  to 
behave  best  —  perform  best!  We’d  be  glad  for  the 
opportunity  to  discuss  the  possibilities  with  you.  In¬ 
quiries  invited! 


Plastic  maintains  a  strong  —  and  goodly- 
influanee  over  Metal  .  .  .  especially  when 
designed  as  base  structures  for  complex 
circuit  auembtles. 

Modern  mold  development  encourages 
product  designers  to  specify  in.,  plastic  tha 
most  involved  arrangement  of  levels,  channels, 
holes,  slots  and  recesses  . . .  each  precision- 
positioned  so  that  when  the  metal  com- 
ponants  are  assembled,  thereto,  they  fit 
like  a  glove! 


They  indicate  what  proven  molding  tech¬ 
niques  can  accomplish  In  small  space. 

Both  bases  shown  actual  site.  Featured 
reference  to  letters  “A"  identify  specially 
recessed  channels  for  permanently 
positioning  and  accurately  anchoring 
multiples  of  metal  terminals..  .  Final  assem' 
blias  are  pictured  at  top  of  page. 


MOLOEO  raOOICTS  gbs^eeefae 
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MEASUREMENTS  CORPORATION 


STANDAkD  SIGNAL  GENERATOR 


SUCIFICATIONS: 

•  CARRIER  FREQUENCY 

RANGE:  Continuously  variable  from  20 
to  250  megacycles,  in  eigM  ranges. 
ACCURACY:  Crystal  frequency  standard 
(lermils  setting  to  .01%.  Dial  scale  may 
be  set  to  0.1%. 

STABILITY:  Warm-up  drift  less  than  .05%. 
LEAKAGE:  Less  than  10  microvolts. 


FIG.  2 — Locking  force  at  a  function  of  RC 


leaves  the  fixed  contact  drawing  a 
small  arc  in  the  process.  This  arc 
maintains  itself  until  the  input  is 
sufficiently  high  to  develop  contact 
pressure  or  until  the  arc  causes 
welding  of  the  contacts. 

These  arcs  are  of  small,  almost 
microscopic  size  and  the  welds 
would  not  be  serious  in  a  power 
relay.  However,  in  sensitive  re¬ 
lays,  the  arc  generally  passes 
enough  current  to  cause  chattering 
of  the  secondary  relays  with  at¬ 
tendant  intermittent  operation  of 
the  control  or  indicating  mechan¬ 
ism.  In  addition  the  welds  cause 
shifts  of  the  drop-out  point.  Some 
improvement  may  be  effected  by 
R-C  suppressors  used  across  the 
milliwatt  relay  contacts,  but  severe 
vibration  will  still  cause  unstable 
contact  operation. 

Figure  1  shows  modifications 
made  to  a  milliwatt  relay,  to  make 
it  more  satisfactory  for  applica¬ 
tions  involving  slowly  changing 
quantities  and  severe  vibration.  The 
main  winding  of  the  sensitive  relay 
is  shown  at  Li  connected  to  any 
source  of  d-c  of  reversible  polarity, 
such  as  a  resistance  bridge. 


•  MODULATION 

Continuously  variable  from  zero  to  100%. 
ENVELOPE:  Sinusoidal,  or  composite 
television.  Bandwidth  to  3  db  is  4  Me. 
Rise  lime  from  10%  to  90%  modulation 
0.15  microsecond.  Overshoot  less  than 
5%.  Slope  less  than  5%  on  60  cycle 
square  wove. 

INPUT  MVEDANCE:  75  ohms  10% 
(RMA  Standard). 

INPUT  LEVEL  1.5  volts  peak  to  peak 
minimum  level  for  100%  modulation. 
Block  negative  polarity. 

MODULATION  PERCENTAGE:  Zero  to 
110%;  plate  modulation. 


•  OUTPUT 

LEVEL  Continuously  variable  from  0.3 
microvolt  to  0.1  volt  balanced  to  ground 
(measured  at  100%  modulation  level). 
IMPEDANCE:  (a)  107  ohms  line  to  line 
(balanced). 

(b)  53.5  ohms  line  to  ground 
(unbalanced). 

(c)  Suitable  pads  may  be 
employed  to  alter  these 
impedances. 

•  DIMENSIONS 

OVERALL:  Height— 58%";  Width— 
28'A";  Depth— 25 '/i". 

WEIGHT:  Model  90—302  pounds. 
External  Voltage  Regulator  92  pounds. 
POWER  SUPPLY;  117  volts,  60  cycles. 


m  FIRST  COMmRCIAL 
WIDE-BAND,  WIDE-RANGE  SIGNAL  GENERATOR 
EVER  TO  BE  DEVELOPED 

The  Model  90  employs  a  master  oscillator, 
buffer  amplifier  and  modulated  power  am¬ 
plifier.  The  push-pull  buffer  eliminates  inci¬ 
dental  frequency  modulation. 

Features-  A  self-contained  crystal  calibrator 
and  individually  calibrated  dial  scales  permit 
frequency  settings  to  a  high  degree  of  accuracy.  A 
built-in  video  modulator  with  manual  or  automatic  dc 
inserter,  designed  to  operate  from  a  standard  RMA 
composite  signal.  Continuous  monitoring  is  provided  by 
built-in  oscilloscope. 

This  signal  generator  meets  the  most  exacting  standards 
required  for  high  definition  television  use. 


Closing  of  Contacts 

The  movable  armature  carrying 
the  two  contacts  Xi  and  Xs  is  con¬ 
nected  to  a  source  of  voltage  which 
operates  the  secondary  relays  when 
Xi  or  Xi  make  contact  with  their 
respective  fixed  surfaces.  Coils  L, 
and  Li  have  been  added  to  the  relay 
and  are  located  at  the  bottom  of  the 
coil  form,  underneath  the  main 
winding  L:,.  The  turns  ratio  of  aux¬ 
iliary  to  main  winding  was  chosen 
as  1  to  10,  but  can  be  made  greater 
or  less  in  accordance  with  the 
individual  requirements  of  the 
application. 

While  contacts  Xi  are  open, 
capacitor  Ci  is  across  the  d-c  line 


iiHf  nrt**  *♦•***  ^ 

CapKlty  Brtil** 

MMtkwMtttt* 
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FIG.  3 — Diii«r0nc«  in  charge  and  dis¬ 
charge  action  caused  by  secondary  relay 


through  resistor  R,  auxiliary  wind¬ 
ing  L,  and  the  coil  of  the  secondary 
relay  L.  It  therefore  assumes  the 
potential  of  the  voltage  source.  The 
first  momentary  contact  between 
the  surfaces  of  Xi  (even  of  a  tran¬ 
sient  nature)  allows  the  capacitor 
to  initiate  a  discharge  through  the 
auxiliary  winding  L„  resistor  R 
and  the  closed  contacts.  The  dis¬ 
charge  has  a  current  flow  in  the 
direction  of  arrow  1  and  a  magni¬ 
tude  fixed  by  the  capacitance  of  Ci, 
the  emf  of  the  voltage  source,  re¬ 
sistance  R  and  the  d-c  resistance  of 
the  auxiliary  winding.  If  winding 
Li  is  phased  so  that  current  in  the 
direction  shown  by  arrow  1  gener¬ 
ates  ampere-turns  additive  to  those 
of  the  main  winding,  a  transient 
locking  impulse  is  achieved.  The 
armature  is  immediately  subjected 
to  an  additional  mechanical  force 
due  to  the  increased  ampere-turns 
and  locks  in  tightly  to  its  fixed  con¬ 
tact. 

The  magnitude  of  the  locking  im¬ 
pulse  and  its  duration  are  deter¬ 
mined  by  the  magnetic  circuit  and 
the  nature  of  the  typical  exponential 
discharge  of  the  R-C  combination. 
By  suitable  selection  of  the  three 
variables  the  transient  mechanical 
force  on  the  armature  can  be  ad¬ 
justed  through  a  wide  range. 

Figure  2  shows  various  methods 
of  operation  based  on  variations  of 
R  and  C  and  the  resultant  varia¬ 
tions  in  transient  locking  force. 
It  also  shows  that,  for  any  fixed 
number  of  turns  in  each  auxiliary 
winding,  it  is  possible  to  get  a  large 
locking  impulse  for  a  short  time  or 
a  lesser  locking  impulse  for  a.  long 
time. 

The  choice  of  variable  will  be  dic¬ 
tated  by  the  specific  application  but 
the  chosen  parameters  should  allow 
the  exponential  locking  impulse  to 


MOISTURE 

costs  you  money 


Ward  Leonard  Resistors  stand  up  under 


prolonged  exposure  to  high  humidity 


Hermetic  sealing  with  crazeless  vitreous 


enamel,  made  from  Ward  Leonard’s  own 


special  VITROHM,  enables  the  Ward 


Leonard  resistor  to  stay  on  the  job.  They 


are  even  unaffeaed  by  thermal  shock. 


Ward  Leonard  resistors  are  "Result* 


Engineered".  By  modifying  a  basic  de 


sign,  Ward  Leonard  can  give  you  the 


results  of  a  special  .  .  .  for  the  cost  of  a 


standard. 


Write  for  Resistor  Catalog.  Ward  Leon 


ard  Electric  Co.,  31  South  Street,  Mount 


Vernon,  N.  Y.  Offices  in  principal  cities 


of  U.  S.  and  Canada. 
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TUBES  AT  WORK  (continMd) 

fall  to  at  least  10  percent  of  its 
initial  value  before  it  is  time  for 
the  contacts  to  open.  In  other 
words,  the  shortest  period  of  con¬ 
tact  closure  to  be  expected  in  any 
particular  application  will  deter¬ 
mine  the  maximum  decay  time  of 
the  transient  impulse.  This  limita¬ 
tion  is  obviously  necessary  in  order 
that  the  drop-out  characteristics 
of  the  relay  be  unaffected  by  the 
presence  of  the  additional  transient 
ampere-tums. 


Ym,  your  product's  longth  of  life  in  consumer 
sorvic*  is  doterminod  to  a  largo  extent  by  the  pre¬ 
cision  and  strength  of  threads — the  threads  of 
saews,  bolts,  nuts  and  allied  threaded  fastenings 
used  in  its  assembly. 

The  old  adago  "a  chain  is  os  strong  as  its  weakest 
link"  applies  perfectly  to  the  assembly  of  your 
product.  Obviously,  it  can  be  only  as  strong,  pre¬ 
cise,  efficient  and  enduring  as  its  fastenings.  > 

HOLTITE  Engineered  Fastenings  are  precision- 
made  to  resist  the  loosening  effects  of  vibration. 
Scientific  processing  and  heat-treating  of  labora- 
tory  selected  materials  assure  strength  for  beyond 
ordinary  demands.  Under  vigilant,  skillful  super¬ 
vision  ibese  qualities  of  strength  and  precision  are 
combined  to*  produce  fastenings  that  effect  eco- 
rtomies  in  application  and  permanance  in  perform¬ 
ance. 


Opening  of  Contacts 

If  the  maximum  decay  time  is 
made  shorter  than  the  smallest 
period  of  contact  closure,  the  capac¬ 
itor  will  always  be-in  a  substanti¬ 
ally  discharged  condition  by  the 
time  contacts  X,  break  the  circuit. 
Capacitor  C„  resistor  R  and  wind¬ 
ing  Li  will  again  be  subjected  to 
the  supply  voltage  and  a  charging 
current  will  flow  in  the  direction  of 
arrow  2.  Without  mechanical 
switching,  a  reversal  of  current 
flow  has  been  achieved  in  auxiliary 
winding  L,  and  a  negative  or  kick- 
out  impulse  will  be  applied  to  the 
armature. 

The  capacitor  discharges  ex¬ 
ponentially  on  closure  of  Xi  but 
does  not  charge  in  the  same  manner 
because  of  the  presence  in  the 
charging  circuit  of  the  highly  in¬ 
ductive  secondary  relay  coil.  This 
action  is  illustrated  in  Fig.  8  where 
the  discharge  current  rises  almost 
as  a  step  function  (limited  in  rate 
of  rise  only  by  small  inductances  in 
the  capacitor,  wiring  and  coil  L,) 
and  then  falls  exponentially  to  zero, 
while  the  charging  current  rises 
much  more  slowly  to  a  maximum 
and  then  tapers  off  to  zero. 


Time  Delay 

A  by-product  of  the  circuit  opera¬ 
tion  as  described  above  is  a  finite 
amount  of  time  delay  in  the  opening 
of  secondary  relay  L  due  to  the 
charging  current  of  capacitor  C, 
which  passes  through  the  secondary 
relay  coil  L  in  the  same  direction 
as  its  normal  closing  current.  This 
small  delay  in  the  opening  of  the 
secondary  contacts  is  of  consider¬ 
able  advantage  in  achieving  stabil¬ 
ity  in  certain  applications.  Un¬ 
fortunately,  it  is  not  always  pos¬ 
sible  to  achieve  the  desired  amount 
of  time  delay  when  parameters  are 


Th«  HOLUTE  lin*  comprises  a  complete  range  of  dependable 
fostenings  in  all  standard  styles,  sizes,  finishes  and  heat  treat¬ 
ments.  Furnished  with  HOLTITE-Phillips  Recessed  Heads  or 
slotted  heads.  SPECIALS  made  to  order  exact  to  your  specifica¬ 
tions,  blue  prints  or  samples. 
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NEW  ELECTROLYTICS 
fully  dependable 
TO  450  VOLTS  AT  85°C 


ILLUSTRATIONS 
ACTUAL  SIZE 


for  TELEVISION’S  exacting  applications 


Designed  for  dependable  operation  up  to  450  volts 
at  85°C.  these  new  Sprague  electrolytics  are  a 
good  match  for  television’s  severest  capacitor  as¬ 
signments.  An  extremely  high  stability  character¬ 
istic  is  assured,  even  after  extended  shelf  life, 
thanks  to  a  special  Sprague  processing  technique. 
Greatly  increased  manufacturing  facilities  are  now 
available. 

Your  inquiries  concerning  these  new  units  are  invited. 


®  2,0^ 


SPRAGUE  ELECTRIC  COMPANY  •  NORTH  ADAMS,  MASS. 


O  N  E  E  R  S 


n.jyLR««.U.S.Pal.Ofl!. 


ROGUE 


Capacitors 
*  Koolohm  Resistors 
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FIG.  4 — Alternate  circuit  in  which  the 
charge  and  discharge  actions  are  reversed 
from  that  oi  Fig.  1 


grade  G.7-830 


nBl.ciAS 


laminated  PLA ST/ C 


TensiU  Sfrangih . 

19,000  Ibs./sq.in. 

FUrwoI  Strength . 

44,000  Ibs./sq.in. 

Compratsiv*  Strength . 

46,000  Ibs./sq.in. 

Water  Absorption  (l/l6*  thk.-24  hrs.) . 

0.15% 

Power  Factor,  10*  cycles  —  Dry  .... 

0.0012 

y  fowGr  Foctor,  10^  cyclGt*»(oftGr  24  hrs. 

wat«r  immGrsion).  r  T . 

0.0086 

Dielectric  Constant,  10*  cycles  .... 

3.90 

Dielectric  Loss  Factor,  10*  cycles  .  .  . 

.0048 

Insulation  Resistance . 

71,600  megohms 

Dielectric  Strength . 

485  volts/mil 

Arc  Resistance  (ASTM  method).  .  .  . 

228  seconds 

GRADE  G-7>830  Phenoiite  combines  high  heat,  Rome  and 
arc  resistance.  It  is  recommended  for  exocting  tow  toss  electricot 
applications  ond  for  insutation  in  transfew-mers,  motors,  electric 
toosters  ond  other  applications  subtected  to  elevated  tem- 
perahtres.  ® 

For  full  details  call  or  write 


NATIONAL  VULCANIZED  FIBRE  CO.^  ^ 

WILMINGTON  99,  DELAWARE 
Offices  in  the  Principal  Cities 


chosen  on  the  basis  of- locking  and 
kick-out  forces,  but  where  such  de¬ 
lay  is  beneficial  and  necessary,  a 
compromise  between  locking  force, 
duration  and  secondary  time  delay 
can  usually  be  achieved. 

The  combination  of  R  and  Ci  con¬ 
stitutes  a  spark  suppressor  to  re¬ 
duce  the  arc  across  the  contacts'  X, 
and  Xt,  in  addition  to  its  other 
functions. 

Alternative  Circuit 

Figure  4  illustrates  an  arrange¬ 
ment  which  can  be  used  in  extreme 
cases  of  inadequate  relay  operation. 
It  enables  auxiliary  winding  Lt  to 
utilize  to  full  advantage  the  dis¬ 
charge  of  Cl  without  any  attenuat¬ 
ing  effects  from  the  opposite  side  of 
the  circuit.  The  auxiliary  winding 
circuits  are  connected  across  the 
secondary  relay  coils.  The  action 
of  the  transient  network  is  now  re¬ 
versed  from  that  shown  in  Fig.  1, 
since  Ci  is  discharged  during  the 
time  that  contacts  X^  are  open  and 
charges  when  they  are  closed,  due 
to  the  line  voltage  which  appears 
across  the  secondary  relay  coil. 

The  system  operates  as  follows: 
When  contacts  X,  close,  the  line 
voltage  appears  across  the  secon¬ 
dary  relay  coil.  The  rise  of  relay 
current  lags  due  to  inductance  in 
the  coil,  but  the  voltage  appears  as 
a  step-function.  This  causes  a 
charging  current  to  flow  through 
winding  Li,  capacitor  Ci  and  re¬ 
sistor  R  in  the  direction  shown  by 
arrow  1.  The  fact  that  the  rise  of 
current  lags  in  the  relay  coil  does 
not  delay  the  charging  of  C,  since 
the  capacitor  draws  its  charging 
power  from  the  line.  As  the  capac¬ 
itor  reaches  line  voltage,  current 
1  is  reduced  to  zero  and  remains 
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RADIO  TUBES;  CATHODE  RAY  TUBES;  ELECTRONIC  DEVICES;  FLUORESCENT  LAMPS,  FIXTURES,  WIRING  DEVICES;  LIGHT  BVIBS;  PHOTOLAMPS 


Columbus  equipment  reaches  fires  faster 
sped  by  2 -way  AioWtcia.  Radio 


and  Sylvania  Loek-In  Tubes 


SYMNIMIECTRIC 
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Those  first  few  minutes  are  vital  in  fighting  a  fire! 

That’s  why  the  Columbus  (Ohio)  Fire  Department  counts 
on  Motorola  2-way  FM  to  maintain  constant  touch  between 
the  dispatcher’s  office  and  24  radio-equipped  vehicles.  Equip¬ 
ment  returning  to  the  firehouse  can  be  instantly  diverted 
en  route— dispatched  to  the  scene  of  a  new  alarm. 

And  where  fires  are  potentially  big  enough  to  call  for 
additional  equipment  to  bring  them  under  control,  a  radio 
message  from  the  scene  to  the  dispatcher’s  office  has  the 
extra  vehicles  under  way  within  seconds! 

For  requirements  like  this,  Motorola  counts  on  Sylvania 
Lock-In  Tbbes  to  help  maintain  uninterrupted,  efficient  per¬ 
formance  of  its  mobile  units.  These  tubes  stay  firmly  in  place 
through  jolting  and  jarring.  They  have  few  welded  joints, 
no  soldered  ones.  No  warping  or  weaving  of  elements.  Low 
loss,  low  leakage.  See  Sylvania  Distributors,  or  write  Radio 
Tlibe  Division,  Emporium,  Pa. 


Mobile  FM  tranimilling  and 
recen  ing  units  built  by 
Motorola,  Inc.,  Chicago,  and 
used  in  24  vehicles  of  the 
Columbus  Fire  Department. 

Superior  mechanical  and 
electrical  features  of  Sylvania 
Electric’s  famous  Lock-In 
Tube  make  it  ideal  for  equip¬ 
ment  on  the  road,  in  the  air, 
on  the  rails —for  marine  radar, 
FM  and  television. 


Dispatcher's  ofRce  is  in  constant  commu¬ 
nication  with  vehicles  at  all  times,  direct¬ 
ing  them  to  the  scene,  checking  on 
progress  in  bringing  fire  under  control. 


Photo  Courlety  Electro-Voice,  Inc. 


Photo  Courtesy  Brown  Geophysical 


Model  No.  645  Broadcast  Microphone  made  by 
Electro-Voice,  Inc.,  Buchanan.-Mich.  used  an 
XL  Plus  standard  disconnect  equynnent. 
niis  is  only  one  of  the  several  £Uectro-Voice 
microphones  ''XL”-equipped. 


Special  amplifier  used  in  oilfield  geophysical 
exploration  and  survey  by  Brown  Geophysi¬ 
cal  Co.  of  Houston,  Texas  uses  K  connectors 
for  the  circuits  on  this  Amplifier  equipment. 


TYPI  "K"  Series  is  made  in  several 
shell  types,  including  the  **RK”,  and 
approximately  190  insert  arrange¬ 
ments  among  the  8  shell  sizes  for  a 
wide  variety  of  wire  sizes,  including 
coaxials. 


TYPI  '‘XL'  Series  is  two  plugs  and 
several  receptacle  types,  with  two 
insert  variations  of  3  and  4  contacts, 
10  and  15-amp.  Latchlock  type  con¬ 
nection. 


For  a  survey  of  Cannon  Plugs,  write  for  the  C-47 
Condensed  General  Catalog,  covering  the  13  major 
type  series  and  electrical  specialties.  .  .  Details  on 
Type  ”K”  are  found  in  the  K-945  Bulletin.  Address 
Department  K-120. 


SINCE  1915 


WORLD  EXPORT  (axcaptin*  RriHih  Emplrali 
FRAZAR  &  HANSEN,  301  CLAY  STREET 
SAN  FRANCISCO  11.  CALIFORNIA 


IN  CANADA  A  RRITISH  RMPIRIl 

CANNON  ELECTRIC  COMPANY.  LTD. 
TORONTO  13,  ONTARIO 
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zero  until  contacts  Xt  open.  The 
voltage  across  the  relay  coil  de¬ 
creases  as  its  held  collapses  and  the 
capacitor  discharges  with  current 
flow  2. 

The  discharge  current  is  in  the 
same  direction  as  the  normal  flow 
of  relay  current  and  can  be  made 
large  enough  to  provide  some  delay 
in  the  drop-out  time  of  the  secon¬ 
dary  relay  where  this  is  desirable. 
This  arrangement  is  particularly 
advantageous  in  keeping  the  two 
halves  of  the  circuit  electrically  iso¬ 
lated  from  each  other.  The  charge 
and  discharge  of  Ci  on  contact  clos¬ 
ure  and  on  contact  opening  is 
shown  in  Fig.  3. 

Camera  Shutter  Timer 

By  Hubert  Sear 

Mount  Airu  Road 
Croton-on- Hudson,  N.  Y. 

Most  of  the  existing  camera  shutter 
timing  devices  make  use  of  the 
moving-fllm  or  the  ballistic  galva¬ 
nometer  principle.  In  the  develop¬ 
ment  of  the  instrument  described 
here,  however,  these  ideas  were 
avoided  because  of  their  relative  ex¬ 
pense,  the  time  element  with  the 
former,  and  the  difficulty  in  con¬ 
struction  of  the  latter. 

This  instrument  requires  no 
critical  set-up  procedure.  A  light 
is  placed  behind  the  camera 
lens  and  the  length  of  the 
flash  transmitted  when  the  shutter 
is  snapped  is  measured.  A  photo¬ 
cell  transforms  this  flash  into 
an  electric  impulse  which  develops  a 
voltage  across  the  resistor  R,  as 
shown  in  the  accompanying  circuit 
diagram.  This  voltage  is  high 
enough  to  fire  the  neon  bulb,  which 
acts  as  a  switch  to  the  circuit 
Rj,  R:,,  developing  a  voltage  across 
R,.  One  half  of  the  6SN7  is  thus 
biased  to  a  predetermined  value 
making  it  conduct  a  constant  known 
current. 

When  the  light  on  the  photocell  is 
extinguished  by  the  closing  of  the 
camera  shutter,  the  firing  voltage 
for  the  neon  bulb  is  removed  and  it 
goes  out.  This  interrupts  the  cur¬ 
rent  in  the  bias  resistor  R»  and  the 
triode  section  is  returned  to  a  non¬ 
conducting  condition.  This  ar¬ 
rangement  eliminates  the  necessity 
of  a  light  source  of  regulated  in¬ 
tensity; 

Once  the  neon  light  switch  is 
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Cambridge  39, 
Massachusetts 


920  S.  Michigan  Avc.,  Chicago  5 


90  West  St.,  New  York  6 


950  N.  Highland  Ave.,  Los  Angeles  38 


range  of  TEN  BILLION  to  ONE 


Higher  Accuracy  •  Greater  Sensitivity  •  More  Operating  Conveniences 

For  Measuring  Electrolytic  Condensers  #  Testing  Dissipation  Factor  of  Transformer  Bushings 
and  Insulators  •  Measuring  Dissipation  Factor  and  Dielectric  Constant  of  Solid  and  Liquid 
Dielectric  Materials  •  General  Electrical  Machinery  Insulation  Testing  •  Product  Control 
and  Uniformity  Production  Checks  on  Materials  Sensitive  to  Variable  Electrical  Properties 


This  new  Type  161 1-A  Gipacitance 
Test  Bridge  has  many  circuit  and  oper¬ 
ating  conveniences  which  make  it 
highly  ada^ble  to  all  sorts  of  capaci¬ 
tance  and  dissipation-factor  measure¬ 
ments.  Its  enormous  range  of  1 
micromicrofarad  to  11,000  microfarads 
is  achieved  with  the  unusually  good 
accuracy  of  ±(1%  +  1  micromicro¬ 
farad)  over  the  whole  range.  For 
dissipation  factor  measurements  the 
range  is  0  to  60%  at  60  cycles,  with 
an  accuracy  of  d:(2%  of  aial  reading 
+  0.05%  dissipation  factor). 

The  ^idge  detector  is  composed  of 
a  single  stage  amplifier  and  an  electron- 
ray  visual  null  indicator.  The  detector 


The  bridge  and  its  accuracy  are  un¬ 
affected  by  temperature  and  humidity 
variations  over  normal  room  condi¬ 
tions  (65  deg.  F.  and  0  to  90%  RH). 

The  ac-voltage  applied  to  the 
capacitance  under  test  varies  from 
approximately  125  volts  at  100  micro¬ 
microfarads  to  less  than  3  volts  at 
10,000  microfarads. 

This  bridge  combines  all  of  the 
principal  operating  features  of  our 
popular  Type  740-B  and  Type  740-BG 
bridges  but  improves  the  pOTormance 


is  designed  to  be  very  sensitive  when 
the  bridge  is  at  or  near  balance,  but 
relatively  insensitive  when  off  balance. 

A  new  zero-compensating  circuit 
has  been  developed  to  provide  marked 
improvement  over  previous  bridges  of 
this  general  type  when  making 
measurements  below  1000  micromi¬ 
crofarads. 

For  measurements  on  electrolytic 
condensers,  a  polarizing  voltage,  up 
to  500  volts,  may  be  applied,  ^om  a 

f rounded  power  supply  if  desired, 
'erminal  capacitances  of  the  power 
supply  do  not  affect  the  accuracy  of 
the  bridge. 


bridges  but  improves  the  pOTormai 
of  each  in  most  of  their  important 
characteristics. 

TVPI  MIVA  CopMttaiK*  T«<t  IrMg* . . .  $S7S.OO 
WRITE  FOR  COMPLETE  MFORMATION 
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-cc.Ki  MVE”  CORE  SOIDER 
KESTER  "RESIN-EIVE 


Kester 

Solder 


Schematic  diagram  for  electronic  shutter 
timer.  The  0-10  Toltmeter  shows  shutter 
time  directly  in  seconds 


containing  a  NEW  FLUX 

that  is  more  active/  stable  and 
efficient  than  any  rosin  flux — yet 

NON-CORROSIVl  •  NOM-COMDUCTIVC 


closed,  a  constant  bias  is  applied  to 
the  triode  regardless  of  the  size 
of  the  photocell  cUrrent.  Therefore 
the  magnitude  of  the  plate  current 
is  constant  for  as  long  as  it  is  per¬ 
mitted  to  flow  by  the  light  flash. 
The  voltage  drop,  across  the  plate 
resistor  charges  capacitor  C,. 
This  charging  proceeds  slowly  be¬ 
cause  of  the  long  time  constant  of 
this  R-C  circuit.  In  usual  operation 
the  capacitor  is  never  completely 
charged.  When  the  plate  current  is 
extinguished,  the  capacitor  slowly 
discharges  through  the  plate  re¬ 
sistor  causing  a  voltage  to  appear 
across  it,  proportional  to  the  charge. 
Since  the  charge  depends  on  the 
duration  of  the  charging  pulse,  the 
voltage  across  the  capacitor  is  pro¬ 
portional  to  the  duration  of  that 
pulse,  or  the  duration  of  shutter 
opening.  This  discharge  voltage  is 
taken  from  part  of  the  plate  re¬ 
sistor  and  applied  to  the  grid  of  the 
second  half  of  the  6SN7  used  as  a 
d-c  amplifier.  A  voltmeter  in  this 
plate  circuit  indicates  shutter  speed 
directly  in  seconds. 

The  grid  voltage  for  this  last 
stage  is  not  taken  across  the  whole 
plate  resistor  since  such  a  high  re¬ 
sistance  in  the  grid  circuit  would 
cause  appreciable  drifting  due  to 
the  grid  current.  If  adjusted  cor¬ 
rectly  with  the  values  shown,  suffi¬ 
cient  voltage  may  be  obtained  across 
part  of  this  resistor  without  appre¬ 
ciable  grid  current  effect.  Grid 
current  in  the  first  stage  prevents 
.the  use  of  this  R-C  circuit  in  its 
grid.  Three  selenium  rectifiers  are 
used  in  a  voltage  tripler  circuit  to 
furnish  the  high  voltage  (about  300 
volts)  which  is  necessary  for  proper 
biasing  of  the  d-c  amplifier.  An 
ordinary  gooseneck  desk  lamp  has 
been  used  satisfactorily  with  the 
unit  described. 

Because  of  tube  variables  and 
other  changes  common  with  d-c 


"Resin-Five"  will  solder 
zinc,  brass,  nickel  silver, 
nickel-plate,  copper  and 
ferrous  alloys. 


STABILITY  Under  the 


most  extreme 
solderinjt  temperatures 
the  Flux  still  docs  the 
solderinic  job. 

MOBILITY  The  unusual  activity  and 
stability  of  “Resin-Five" 
sive  it  complete  mobility. 


KESTER 

RESIN-FIVE 


*  The  most  impoi^ant  developmeot 

in  Cored  Solder  within  the  last  ten 
years.  “Resin- Five”  has  virtually  no 
odor  even  at  extreme  temperatures.  Avail¬ 
able  in  5  core  sizes;  varying  percentages  of 
flux  content.  Diameters  ranging  from  .010"  to 
.250'.  All  praaical  alloys. 


A  COMPLETE 
TECHNICAL  SERVICE 

Any  soldering  prob- 

Ilems?  Consult  our 
Technical  Depart¬ 
ment.  No  obligation 
to  you. 


KESTER 

SOIDER  COMPANY 


4304  Wrightwood  Ava.,  Chicago  39,  III. 
Factories  Also  At 

NewoHk,  New  Milpi^BiMford,  Canada 
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BRADLEYUNITS 


SIZES  OF  UNITS 

Rating 

L 

D 

i-w 

3,  8" 

9  64' 

1-w 

9/16' 

7/32' 

2-w 

11/16' 

5/16' 

h  WATT  •  1  WATT  •  2  WATT 
Small  in  Size  •  Big  in  Wattage 

Bradleyunits  are  so  small  for  their  ratings  that  we  can't 
picture  their  exceptional  capacity  .  .  .  without  magnifying 
them.  So  here  they  are  ...  available  in  all  standard  R.M.A. 
values,  as  follows: 

?^-watt  rating — 10.0  ohms  to  22  megohms 

1- watt  rating —  2.7  ohms  to  22  megohms 

2- watt  rating — 10.0  ohms  to  22  megohms 
Bradleyunits  will  operate  at  full  rating  for  1000  hours 

at  70  C  ambient  temperature  with  a  resistance  change  of 
less  than  5%.  They  require  no  wax  impregnation  to  pass 
salt-water  immersion  tests  and  have  high  mechanical  strength 
and  permanent  characteristics.  Let  us  send  you  a  complete 
Allen-Bradley  resistor  chart. 

AliervBradley  Co.,  110  W.  Greenfield  Ave.,  Milwaukee  4,  Wis. 


Pack  ad  in  convonianl 
hcnaycomb  cartons 
for  quickor  auombly. 


ALLEM-BR%DLEY 

FIXED  &  ADraSTABLE  RADTO  RESISTORS 


Sold  •xelwsivaly  to  manufacturors 
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of  rodio  and  olactronk  oquipwnt 


AMERICAN  PHENOLIC  CORPORATION 

1830  SOUTH  54TH  AVENUE,  CHICAGO  50,  ILLINOIS 

COAXIALtABLES  AND  CONNECTORS  •  INDUSTRIAL  CONNECTORS.  FITTINGS  AND 
CONDUIT  •  ANTENNAS  •  RADIO  COMPONENTS  •  PLASTIC  FOR  ELECTRONICS 


TUBES  AT  WORK  (CTWtinwd) 

amplifiers,  the  zero  point  must  be 
reset  about  once  a  day.  A  low  re¬ 
sistance  Rl  is  also  included  to  be 
switched  in  parallel  with  the  high 
resistance  of  the  R-C  circuit  so  that 
the  meter  needle  may  be  returned  to 
zero  more  quickly  than  the  natural 
discharge  would  allow.  A  type  929 
photocell  is  used  in  preference  to 
the  higher  output  gas  types  because 
the  speed  of  response  is  better. 

Although  the  accuracy  of  the  de¬ 
vice  is  good  enough  for  shop  work, 
the  difficulties  inherent  in  d-c  de¬ 
vices  using  vacuum  tubes  make  it 
inadvisable  for  more  exacting  appli¬ 
cations.  Furthermore,  due  to  the 
dependance  on  an  R-C  combination, 
the  range  is  limited.  Shorter  time 
constants  wduld  cause  the  meter  to 
move  too  fast  to  be  read.  The  com¬ 
bination  shown  may  be  used  from 
about  1/10  to  1/350  second. 

A  more  versatile  device  now 
under  consideration  has  an  ex¬ 
tended  range  and  is  an  a-c  instru¬ 
ment  and  therefore  not  subject  to 
the  inaccuracy  of  a  d-c  amplifier 
and  hence  is  more  suitable  for  the 
laboratory.  It  is,  however,  less 
suitable  for  a  repair  shop  because 
it  is  also  more  expensive.  An  r-f 
oscillator  suitably  isolated  and  crys¬ 
tal  stabilized,  feeds  its  output  to  a 
scaling  circuit  through  a  gating 
tube.  The  impulses  are  gated  by 
the  photocell  voltage.  The  number 
of  impulses  passed  is  a  function  of, 
the  time  the  light  is  passing  the 
opened  shutter.  They  are  counted 
and  scaled  down  by  the  scaler  and 
may  be  indicated  in  any  suitable 
manner.  The  range  of  speeds 
measurable  is  limited  on  one  hand 
by ‘the  frequency  of  the  oscillator, 
and  on  the  other  by  the  capacity  of 
the  scaler.  Both  may  be  extended 
almost  indefinitely  with  circuits 
now  available. 


I  for  POIVfR,  SIGNAL  and 
I  CONTROL  CIRCUITS 
in  AIRCRAFT  and 
iLiCTRONIC  [QUIPNIENTj 


Ruggeduess  for^ 
AIRCRAFT  SECURITY 


f  Stronger  shells,  stronger  insulation,  lowest 
resistance  contacts  with  wiring  solder  pockets 
aligned  for  quick,  convenient  connections. 
Built  to  quality  standards  beyond  the  already 
rigid  specifications  for  AN  Connectors.  Am¬ 
phenol  pioneered  in  the  engineering  of  this 
rugged  and  efficient  line  of  connectors  for  use 
in  military  aircraft.  To  be  sure  of  top  per¬ 
formance,  specify  Amphenol  AN  Connectors 
and  Fittings.  i 

Write  for  the  new  AN  Catalog  A-J.  It's  abun-  m 
dant  with  the  latest  connector  information  Mm 

and  contains  timesaving  listings  and  indexes 
for  the  engineer  and  buyer.  Mail  your  request 
on  company  letterhead  to  Department  13‘B. 


Telecontrolled  Clocks 

Clocks  connected  directly  to  the 
60-cycle  line  are  self-regulated  elec¬ 
tronically  without  special  clock  wir¬ 
ing  in  a  development  by  Interna¬ 
tional  Business  Machines  Corpora¬ 
tion.  Each  clock  is  checked  indi¬ 
vidually  and  automatically  once  an 
hour  for  uniformity  with  the  sys¬ 
tem  time.  Should  any  of  the  clocks 
be  out  of  step,  owing  to  a  current 
interruption,  they  will  be  corrected 
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D-C  AMPERES 
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OVED  SCALE  DESIGN 

ON  NEW  THIN 
PANEL  INSTRUMENTS 


Th«  new  General  Electric  thin  panel  instruments  have  been 
designed  especially  for  easy  reading.  Arc  lines  have  been 
eliminated  to  make  scale  divisions  stand  out  by  themselves.  New 
lance-type  pointer  gives  precise  indications.  Restyled  figures  are 
bigger,  and  shaped  for  maximum  legibility.  A  mask  covers  dis¬ 
tracting  mechanism  at  base  of  pointer.  And,  notice  the  scale  as 
a  whole.  All  extraneous  printing  has  been  removed.  You  can  be 
sure  of  quicker,  more  accurate  readings  with  these  new  Type 
DO-71  instruments,  as  proved  by  tests  before  large  audiences. 

Greater  sturdiness,  more  reliable  operation,  and  longer  life 
are  assured  by  the  internal-pivot  construction,  temperature  com¬ 
pensation,  and  other  features  described  more  fully  in  Bulletin 
GEA-5102.  Write  for  your  copy  today.  Apparatus  Dapartmant, 
General  Elactric  Company,  Sehanectady  5,  N.  Y. 


GENERAL 


Also  available  as  a-c  ammeter,  a-c  wattmeter, 
d-c  voltmeter,  d-c  ammeter,  temperature  indica¬ 
tor,  power-factor  meter,  synchroscope,  and 
frequency  meter. 


ELECTRIC 
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TUBES  AT  WORK 


INOtCATING 

CUOCK 


MASTER  I 
TME  AMO 
PROGRAM 
CONTROL 


ATTENDANCE 

TIME 

RECORDER 


TRANS¬ 

MITTER 


ADAPTER 


SWITCH 

AND 

FUSE  BOX 


POWER 
SUPPLY 
BUS  BARS 


Electronic  syetem  for  tynchronixing  clocks, 
signal  units,  time  stamps  and  recorders 


once  an  hour  up  to  59  minutes  slow 
and  55  seconds  fast.  . 

The  new  system  would  be  a  con¬ 
venience  to  industrial  concerns, 
schools,  and  hospitals. 

In  the  new  system,  a  master  time 
control  is  installed  and  operated 
from  the  same  alternating  current 
to  which  the  indicating  clocks  are 
connected.  This  control  is  the  di¬ 
rector  of  the  entire  system  and 
keeps  all  units  in  agreement  with 
it.  Every  hour  electronic  tube  ac¬ 
tion  in  a  transmitter  at  the  control 
sends  a  supervisory  impulse  out 
over  the  power  lines.  A  simple  elec¬ 
tronic  receiver  in  each  indicating 
clock  accepts  the  impulse.  If  the 
clock  is  slower  or  faster  than  the 
master  time  control,  it  corrects  it¬ 
self  once  each  hour  automatically. 
If  the  clock  is  in  agreement  to  the 
second  to  the  master  control,  it 
continues  to  function  as  an  inde¬ 
pendent  clock.  Thus,  without  spe¬ 
cial  wiring,  all  clocks  in  a  building 
show  the  same  time. 

This  IBM  system  also  permits 
automatic  signaling,  sounding  of 
bells,  horns,  buzzers,  gongs,  or 
chimes,  through  the  program  unit 
of  the  master  control,  without  spe- 
I  cial  signal  wiring.  These  signals 
i  are  also  fed  to  the  line  to  actuate 
j  the  electronic  receivers  when  an  im- 
j  pulse  is  released  to  them.  Three 
•1  different  schedules  of  signals  may 
I  be  sounded  without  special  wiring, 
minute 


RAILWAY  EXPRESS  offers  you 
a  complete  transportation  pack¬ 
age.  Around  its  nation-wide 
facilities  is  built  a  convenient, 
economical  shipping  service  in¬ 
cluding  door-to-door  pick-up 
and  delivery  in  all  principal 
cities  and  towns  at  no  extra  cost. 
It  is  designed  to  meet  every  one 
of  your  business  or  personal 
shipping  requirements. 

Your  shipments  are  carried 
swiftly  over  America's  railroads 
and  scheduled  airlines— provid. 
ing  an  all-inclusive  service  for  a 
single  charge.  Consistent  im¬ 
provement  in  equipment  and 
methods  is  your  assurance  of  a 
continued,  dependable,  coordi¬ 
nated  shipping  service  to  you, 
your  community  and  the  nation. 


Self-regulating  minute  impulse 
units,  attendance  time  recorders, 
job  cost  recorders  and  time  stamps, 
are  operated  by  the  system  through 
use  of  an  adapter.  This  adapter  is 
connected  to  the  line  to  receive  the 
hourly  corrective  impulse  sent  out 
by  the  transmitter.  After  verify¬ 
ing  its  own  agreement  with  the 
time  of  the  master  time  control,  the 


SNIPPINC  SEIVICE 
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TYPE  "Pf-P"  6L0BAB  VOLTA'iE  SENSITIVE  PESI  STOPS 


V, 


VOLTS 


5  Ohmic  resistance  of  the  resistor  and 
allowable  plus  and  minus  tolerance. 

6  Maximum  voltage  applied  continu¬ 
ously  or  intermittently. 

7  Duration  of  load  and  elapse  of  time 
between  its  application. 

For  your  engineering  tests,  w'e  can  fur¬ 
nish  samples  in  a  hurry.  For  any  infor¬ 
mation  that  may  be  helpful  in  working 
out  your  resistor  problems,  write  Dept. 
V-108,  The  Carborundum  Company, 
GLOBAR  Division,  Niagara  Falls,  N.Y. 


TUIES  AT  WORK 


(cMHaMd) 


adapter  then  proceeds  to  verify  the 
agreement  of  the  minute  impulse 
units  with  itself  and  to  correct  any 
variations  from  accurate  time 
which  might  have  occurred  in  them 
during  the  preceding  hour. 


SPEOFICATIOm 

BALLANTINE  MODEL  300 
ELECTRONIC  VOLTMETER 


Sound  Flashlight 
for  the  Blind 

By  Victor  Twbrsky 

Technical  Adviser,  OuUianoe  Device  Project 
,  Biology  Department 

City  College  of  New  York 
New  York 

Various  obstacle-detecting  devices 
to  aid  the  blind  in  foot  travel  are 
being  studied  by  research  labora¬ 
tories.  A  group  of  students  from 
the  City  College  of  New  York  have 
developed  a  relatively  simple  “sound 
flashlight”  which  has  proved  suc¬ 
cessful  in  aiding  sightless  persons 
to  detect  and  avoid  objects  in  walk¬ 
ing  which  might  otherwise  be  dis¬ 
covered  by  collision. 

Similar  in  size  and  shape  to  a 
large  flashlight,  the  unit  is  carried 
by  the  blind  person  with  a  scanning 
motion.  Sound  waves  projected 
from  the  unit  in  a  narrow  beam  are 
reflected  by  solid  objects,  and  the 
reflected  sound  warns  the  user  of 
the  object’s  presence. 

The  heart  of  the  unit  is  a  single¬ 
tube  oscillator  powered  by  hearing- 
aid  batteries.  The  circuit  is  shown 
in  the  accompanying  schematic  dia¬ 
gram.  A  headphone  unit  was 
chosen  for  the  transducer,  and  its 
inductance  in  conjunction  with  the 
0.002-jif  capacitor  form  a  resonant 
circuit  for  the  desired  frequency 
range  between  8  kc  and  16  kc. 

The  choice  of  this  range  of  fre¬ 
quencies  was  guided  by  the  consid¬ 
eration  of  reflection  and  interfer¬ 
ence  from  ambient  noises  which 
might  be  encountered  out  of  doors. 
It  was  found  advisable  to  make 
the  frequency  adjustable  to  allow 


RANOE:  .001  t*  100  VolH,  r.m.t. 
(XKXWI  to  10,000  V«Hs,  with  oc- 
cmscHm) 

ACCURACY:  ^2%  at  any  point  on 
Nio  Molo. 


STAMUTY:  Rormanont  caiibrolion— 
wnoffoctod  by  variation  in  iino  voH- 
ago,  twbot,  olc. 

METER:  Logarithmic  VoHago  »caio  and 
uniform'  docibol  tcoio. 


AC  ORERATiON:  Wiii  oporoto  on  105- 
125  VoHs,  50-60  cycios.  (Bottory 
oporotod  modol*  olco  avoi  ablo)  ^ 


MODEL  300 
ELECTRONIC 
VOLTMETER 


The  Model  300  Voltmeter  is  a 
valuable  tool  for  measurements 
in  communication  and  **weak 
current”  engineering.  Its  un¬ 
usual  sensitivity,  accuracy  and 
stability  make  it  ideal  for  work 
in  the  audio,  carrier,  and  super¬ 
sonic  ranges.  Logarithmic  meter 
indication  assures  uniform  ac¬ 
curacy  of  reading  over  the  whole 
scale  while  permitting  range 
switching  in  decade  steps.  There 
is  but  one  scale  to  read  for  all 
ranges.  Output  jack  and  output 
control  are  provided  so  that  the 
voltmeter  can  be  used  as  a  high- 
gain  stable  amplifier. 

Accessories  include  Model  220 
Decade  Amplifier,  which  supplies 
standardize  gains  of  10\  and 
lOOx,  and  the  Model  402  Multi¬ 
pliers  which  supply  additional 
ranges  of  1,000  and  10,000  Volts. 

Descriptive  Bulletin  >o.  12  Available 


,0(Xn 


Complete  circuit  of  the  obitacle^etecting 
oscillator 
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punchinq  dies  oyailable 

for 


in  endless  i 

cosm'alite 

COIL  FORMS 


Manufacturers  of  radio  and  television  receivers 
KNOW  the  outstanding  advantages  of  COSMA- 
LITE  in  both  performance  and  price. 

There  is  a  further  saving  in  time  and  costs  through 
the  use  of  our  extensive  number  of  dies  available 
to  purchasers  of  Cosmalite  Coil  Forms. 


^liVaiUMD  CONUINER^ 


6201  BARBERTON  AVE.  CLEVELAND  2,  OHIO 

>  All-Fibre  Cans  •  Combination  Metal  and  Paper  Cons 

>  Spirally  Wound  Tubes  and  Cores  for  all  Purposes 

>  Plastic  and  Combination  Paper  and  Plastic  Items 

*  *  * 
mNCTIM  runs  tie  at  niMMk.ffte,lttanteLN.T^CMcaca.M..litiiH,Wck..laMe«|.NJ. 

pusncs  imSIM  at  niMOl.  Wlac.  •  HUSM  imsiw  a<  ambit.  Ma 
SUaimca:  lMiSa2,tfaitCaftralTafe.lHs..HasTam7.R.T.,abaM7llabSL,lartM,Caa. 


Tell  US  your  needs.  Quite  prob¬ 
ably  we  con  be  of  value  to 
you  in  your  planning  and 
production.  Your  inquiry  will 
receive  personal  and  experi¬ 
enced  attention. 
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TUBES  AT  WORK 


(continued) 


when  a  cast  is  executed.  Thews  geawiliPwS^^^^ 
withstand  the  strain  of  hauling  in  a  fighting  fish  of 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvely  smoothness  in  one 
direction —strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 


In  appeorance,  the  sound  ilcuhlight  re¬ 
sembles  the  conventioncd  type 

changes  for  different  conditions  and 
for' relief  of  ear  fatigue.  Experi¬ 
menters  noticed  that  sound  at  fre¬ 
quencies  below  10  kc  attracted  con¬ 
siderable  undesired  attention  from 
bystanders. 

Beam  widths  between  12  and  30 
degrees  (depending  on  frequency) 
are  possible  with  the  reflector 
which  is  4  inches  in  axial  length 
and  4  inches  in  diameter  at  the 
mouth.  The  reflector  is  made  of 
spun  aluminum  covered  with  papier 
mache. 

The  headphone  transducer  is 
mounted  at  the  focal  point  of  the 
reflector.  It  is  insulated  from  the 
metallic  reflector  by  a  layer  of 
sponge  rubber  and  held  in  place  by 
rubber  cement  and  papier  mache. 
A  male  plug  is  embedded  in  the 
rear  of  the  horn  for  connection  of 
the  extension  cord  from  the  oscilla¬ 
tor  which  is  carried  in  a  pocket. 

To  reduce  the  intensity  of  the 
sound  reaching  the  user  caused  by 
leakage  around  the  rim,  baffles  of 
cotton  and  sponge  rubber  are  used 
with  only  slight  reduction  in  the 
intensity  of  the  main  lobe. 

Although  the  sound  flashlight 
was  designed  primarily  as  an  ob¬ 
stacle  detector,  skilled  operators 


1910  N.  Front  Street,  Philadelphia  22,  Pa 
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SPECIFY  THIS  TUBE 


for  h~f  heatina  eaubment  to  do  these  jobs-. 


various  other  substances 


^.lek-5oW«r— ^ 

h.<rt  conduclion 


'7f  YOU,  MANUFACTURE  SMALL  ELECTRONIC  HEATERS, 
YOU'IL  FIND  TYPE  GL-592  THE  RIGHT  OSCILLATOR 
OF  LATEST  VESIGN-POWERFUL,  COMPACT, 
ECONOMICAL,  LONG-LIVEVr 


Naturally  you 
want  to  profit 
from  the  zooming 
demand  for  elec¬ 
tronic  heaters  for 
high-speed  repeti¬ 
tive  work.  And  knowing  it’s  the  oscillator 
tube  that  makes  or  mars  performance,  you 
intend  to  be  extra-careful  about  tube  high 
frequency — ample  capacity  in  watts — reli¬ 
ability  that  users  can  bank  on — availability 
you  can  bank  on! 

These  qualities  are  packaged  in  Type 
GL-592.  The  tube  already  is  in  service, 
helping  to  speed  plant  output.  Stocks  are 
on  hand  to  meet  your  requirements,  and 
sockets,  grid  connectors,  finned  anode 
connectors,  all  are  available.  Specijy  and 
install. . .  there’ll  be  no  lag  between  the  two! 

That  high  frequency  ceiling  (150  me  at 
full  ratings)  means  Type  GL-592  will 
handle  easily  the  up-to-70-mc  require¬ 
ments  of  bench  dielectric  heaters,  nut  to 


mention  lower-frequency  induction  work; 
The  tube  carries  substantial  plate  ratings, 
and  if  still  more  power  is  desired,  a  pair 
or  two  pairs  may  be  employed  without 
prohibitive  increase  in  cost  or  size  of  the 
equipment.  Conversion  efficiencies  above 
70  percent  are  routine  for  the  GL-592  in 
properly  designed  circuits.  Cooling  calls 
for  merely  an  8-inch  household-type  fan, 
or  a  small  and  inexpensive  pressure  blower. 

The  tube  is  sturdy — cathode,  grid,  and 
anode  are  solidly  mounted  and  braced. 
All  leads  are  short.  Fernico  metal-to-glass 
seals  mean  (  1 )  no  cemented  caps  or  bases 
with  the  dielectric  losses  these  entail,  (2) 
no  soft-soldered  leads  or  terminals  to 
come  loose. 

Get  further  facts  about  this  modern, 
efficient,  tough  triode — including  the  fa¬ 
vorable  price — from  your  nearby  G-E  elec¬ 
tronics  office!  Or  wire  or  write  Electronics 
Department,  General  Electric  Company, 
Schenectady  5,  AVm'  York. 


6ENERAL»ELECTRIC 


Rating*,  Clots  C  Power  AmplHior 
and  Oscillator 


Filament  voltage 

10  V 

current 

5  amp 

Max  ratings: 

CCS 

ICAS 

d-c  plate  voltage 

3,500  V 

3,500  V 

d-c  grid  voltage 

—  500  V 

—500  V 

d-c  plate  current 

250  ma 

350  ma 

d-c  grid  current 

50  ma 

100  ma 

plate  input 

670  w 

1,000  w 

plate  dissipation 

200  w 

300  w 

Type  of  cooling 

forced-air 

Frequency  at  max  ratings 

150  me 

The  G-E  line  of  power  triodes 
for  electronic  heating  is  com¬ 
plete,  covering  every  need  and 
application.  Tube  types  range  in 
max  plate  voltage  from  2,000  v  to 
20,000  V — max  current,  from  250 
ma  to  10  amp — max  dissipation, 
from  125  w  to  100  kw.  Prices  and 
details  on  any  or  all  types  will  be 
supplied  at  your  request. 


GL-592 
Power  Triode 


FIRST  AND  GREATEST  NAME  IN  ELECTRONICS 
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TUBES  AT  WORK 


(continued) 


In  the  field  of  electronics  and  the  electrical 
goods  industry,  MOSINEE  stands  for  paper -base 
processing  materials  with  scientifically 
controlled  chemical  and  physical  properties,  high 
quality  standards  and  dependable  uniformity . . . 
with  good  dielectric  strength,  high  tensile  or  tear 
strength;  proper  softness  or  stiffness; 
creped  with  controlled  stretch  or  flexibility;  specified 
pH  for  maximum-minimum  acidity  or 
alkalinity;  accurate  caliper,  density,  liquid  repellency 
•  ‘ V  or  absoif>ency  ...  or  other  technical 
characteristics  vital  to  your  quality  standards  and 
production  requirements. 


MOSINEE  PAPER  MILLS  COMPANY  •  MOSINEE,  WIS 


I 


have  been  able  to  detect  slight  de¬ 
pressions  by  directing  the  beam  so 
that  it  makes  an  angle  of  about  60 
degrees  with  the  ground.  The  de¬ 
vice  is  most  successful,  however,  in 
detecting  such  obstructions  as  trees, 
lamp  posts,  parked  vehicles,  hedges, 
flights  of  stairs  leading  up,  and 
open  doorways. 

Preliminary  tests  showed  that 
detection  was  possible  at  distances 
up  to  and  greater  than  30  feet,  de¬ 
pending  on  the  number  of  obstacles 
present,  the  prevailing  acoustical 
conditions  and-  the  user’s  experience 
and  proficiency. 


RADAR-EQUIPPED  UNER 
BERTHS  IN  FOG 


Radar  installation  in  iron  hutch  atop 
norigation  bridge  ol  20,000-ton  Canadian 
Paciilc  lino's  "Empress  oi  Canada"  with 
plan  position  Indicator  screen  Just  obore 
operator's  head.  Repeater  tube  Is  locorted 
on  norigation  bridge  for  use  by  captain 
and  pilot  who  keep  in  contact  with  the 
troin^  rodor  operator  by  telephone  when 
interpretation  of  complex  patterns  is  re¬ 
quired 


View  of  "Empress  of  Cemada"  running  into 
fog  in  the  Mersey.  This  ship  recently  came 
into  Lirerpool  harbor  in  total  fog  and 
reached  her  berth  entirely  by  radar.  The 
landing  stage  could  be  seen  by  the  crew 
only  after  they  had  gone  half-woy  down 
the  gangplank.  The  ship  is  fitted  with 
British  Admiralty  type  268  rodar 
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THE  ELECTRON  ART 

(continiMd  from  p  12i) 


PHOTOTUBE  CURRENT  IN  MICROAMPERES 


Agrepm'ent  of  obsenred  and  thooieticol 
rnu  noise  voltages  indicates  diot.  over  the 
measured  range,  ^iriiot  eff^  is  the  only 
important  contribution  to  Uie  noise  output 
of  vacuum  phototubes 


statistics,  which  gives’  3  =  No'^'* 
where  Nn  is  the  average  number  of 
electrons  emitted  in  the  interval  T 
seconds.  The  mean  fluctuation  A 
is  equal  to  the  product  of  the  mean 
relative  fluctuation  and  the  average 
number  of  electrons  emitted  during 
the  interval,  or  A  =  No^^*.  This 
result  implies  that  the  random  vari¬ 
ation  in  phototube  current  (noise) 
is  proportional  to  the  square  root 
of  the  phototube  current,  if  every 
electron  that  is  emitted  by  the 
cathode  reaches  the  anode. 

When  a  phototube  provides  the 
input  signal  to  an  amplifier,  the 
output  of  the  amplifier  consists  of 
the  shot  noise  from  the  phototube 
and  the  thermal  noise  from  the  in¬ 
put  resistance  of  the  amplifier, 
assuming  that  subsequent  stages  in 
the  amplifier  contribute  relatively 
negligible  noise.  If  the  character¬ 
istics  of  the  amplifier  are  known, 
the  noise  contribution  of  the  photo¬ 
tube  can  be  calculated  from  the 
measured  noise  output. 


fools  needed  . . 

No  changing  of  neet^  pressure 
. .  Nothing  else  to  do! 


U  NPARALLELED  quality  of  reproduction  of  Columbia  Micro¬ 
groove  Records  is  not  the  only  advantage  of  Astatic's  FL-33 
Pickup.  This  new  achievement  of  Astatic  precision  manufac¬ 
ture  offers  superior  utility  and  convenience  as  well.  Produced 
to  Columbia's  own  specifications,  its  LP-33  Crystal  Cartridge 
is  easily,  instantly  replaceable  with  the  new  LP-78  Cartridge 
for  playing  conventional  78  RPM  Records.  No  tools  are 
needed,  no  adjusting  of  needle  pressure,  there  is  nothing  else 
to  be  done.  Identical  in  appearance,  the  cartridges  are  de¬ 
signed  for  insertion  in  the  FL  Arm  on  the  same  slip-in  principle 
with  which  the  modem  fountain  pen  secures  itself  in  its  cap. 
The  LP-78  Cartridge  has  a  permanent  sapphire  needle  with 
.003-inch  tip  radius,  as  compared  with  the  .001 -inch  tip  of 
the  LP-33.  Check  the  accompanying  detailed  features.  Write 
for  hulher  informotion. 


1. -Flv*-6ram  N**dl«  Prvttur*. 

2.  Permanent  Sapphira  NaadU  with  .001*  Tip  Radius. 

3.  Approximataiy  Ona-Half  Volt  Output. 

A.  Fraquancy  Ranga  30  to  1 0,000  c.  p.  a. 

3.  Noval  Datign  at  Baaa  Eliminatat  Tona  Arm  Rato- 
nanca*  and  Atturas  Parfact  Tracking. 

6.  LP-33  Cartridga  for  Microgroova  instantly  raplaca- 
abla  in  FL  Arm  with  LP-76  Cartridga  having  .003* 
radius  naadia  for  playing  76  RPM  Racords.  Both 
simply  slip  into  position,  no  tools  naadad,  NO 

CHANGING  OF  NEEDLE  PRESSURE. 


I  FEATURES 

I  ASIATIC’S 

I  F  L  -  3  3 
I  PICKUP 


Effect  of  Amplifier 

The  mean-square  voltage  across 
the  output  terminals  of  an  amplifier 
is  given  by* 

V/  =  2ei  PG^df 

in  which  Vj,  is  the  rms  noise  volt¬ 
age,  e  the  change  on  an  electron 
(1.59  X  10  ”  coulomb),  i  the  photo¬ 
tube  current  in  amperes,  Z  the 
phototube  coupling  impedance  in 
ohms,  G  the  voltage  gain  of  the 
amplifier,  and  /  is  frequency  in 
cycles  per  second.  Inasmuch  as  G 
is  a  function  of  frequency,  this 


FL  FILTER — For  bast  parformanca 
with  high  quality  spaakars.  Controls 
high  fraquancy  rasponsa. 


Astatic  Crystsl  Oavievs  Msnulacturad 
Under  Brash  Davaiopmant  Co.  Patants 
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STUPAKOFF 

KOVAR-CI.ASS  TERMINALS 


Give  Permanent •••• 


Hermetic  •  •  •  •  Pressure-maht  Seais 


Stupeikofi  hermetic  seals  are  the  answer  where  prQ^f^ 


with  single  or  multiple,  hollow  or  solid  electrodes. 

\  The  metal  Kovar  is  available  in  sheets,  rod,  wire. 


nets  must  have  .permanently  vacuum-  and  pressure-v'^  The  metal  Kovar  is  available  in  sheets,  rod,  wire, 
light  insulated  electrical  lead-ins.  They  se^d  against ..  \\r^ing  and  special  shapes  for  manufacturers  having 
atmosphere,  dirt,  dust,  fungus,  and  other  foreign  ^a^^orking  facilities. 

substances  that  normally  cause  failures.  gladly  send  literature,  recommendations 

Available  from  stock  or  specially  made  to  suit  your  and  your  hermetic  seal  requirements.  Write 

needs,  Stupakoff  metal-glass  seals  can  be  supplied  today. 


^  ''s  , 

'  jO  ' 


,  /: 


V/, 


V/ 


70%Uc  iofi  JUtenatunc 


-M 


.A 

CERAMIC  AND  MANUFACTURING  CO, 
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LATROBE,  PENNSYLVANIA 

Cable  Address:  Stupakoff,  Latrabe,  Pa. 


WANT  TO  MAKE  SOMETHING 

OF  IT? 

Pictvired  above  is  a  tube  of  Taylor  Laminated  Phenol  Fibre, 
just  as  it  comes  from  our  production  line. 

Pictured  below  is  a  coil  form  .  .  .  quickly  fabricated  from 
this  same  tube.  Note  the  precision  of  the  punching  and 
threading. 

Sheets,  rods,  and  tubes  of  Taylor  Laminated  Plastics  possess 
so  many  properties,  physical  and  electrical,  of  interest  to 
industry  .  .  .  and  adapt  themselves  to  such  a  variety  of  fabri- 

El 

cation  processes  .  .  .  that  their  usefulness  grows  and  grows 
and  grows. 

If  you  want  a  dependable  source  of  supply  for  Phenol  Fibre, 

'  Vulcanized  Fibre,  or  special  laminates ...  or  if  you’re  interested 
in  having  completed  parts  or  sub-assemblies  delivered  on 
schedule  at  your  plant  .  .  .  get  in  touch  with  Taylor.  Send  a 
sketch  or  blueprint,  if  you  will,  and  we’ll  tell  you  exactly  what 
we  can  do  for  you.  Expect  plenty;  you  won’t  be  disappointed. 


UUiNMTEO  RUSTICS:  PHENOL  FIBRE  •VULCANIZED  FIBRE*Sheets,  Rods,  Tubes,  and  Fabricated  Parts 

NORRISTOWN,  PENNA.  Pacific  Coast  Plant:  LA  VERNE,  CAL. 
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THE  ELECTRON  ART  (contiiiiied ) 

equation  indicates  that  the  nois^^ 
output  is  proportional  to  the  squar<! 
root  of  the  amplifier  bandwidth. 
'  The  noise  due  to  the  amplifier  can 


Effective  Noise 

Bandwidth 

1  of  Tuned  Amplifiers 

Number 

Bandwidth 

of  stages 

factor 

1 

1.57 

2 

1.22 

3 

1.15 

4 

1.13 

5 

1.11 

6 

1.10 

infinily 

1.06 

Effective  noise  bandwidth  of  an  amplifier 

consisting  of  cascaded,  independent,  iden- 

tical,  single-tuned  pentode  stages  is  the 

1  product  of  the  overall 

half-power  band- 

1  width  of  the  amplifier  and  the  above 

1  bandwidth  factor  for  the  appropriate  num- 

1  ber  of  stages 

therefore  be  reduced  by  making  the 
pass  band  of  the  amplifier  as  nar¬ 
row  as  other  design  considerations 
permit. 

Usually  in  computing  the  noise 
contribution  of  an  amplifier,  the 
bandpass  characteristic,  including 
I  the  skirts  out  to  —6  db  of  the 
midband  transmission,  is  measured 
and  the  frequency-gain  area  cor¬ 
responding  to  a  rectangular  band¬ 
pass  obtained  to  simplify  the  calcu¬ 
lation.  A  rigorous  approach*  shows 
that  the  noise  bandwidth  equals  the 
overall  half-power  bandwidth  of  the 
amplifier  times  a  factor  which  is 
a  function  of  the  number  of  stages, 
as  given  in  the  table.  This  band¬ 
width  factor  accounts  for  the  skirt 
shape  and  indicates  that  increasing 
the  number  of  identical  stages,  up 
to  about  three  stages,  produces  an 
appreciable  reduction  in  equivalent 
noise  bandwidth  for  circuits  of  fixed 
selectivity.  On  these  considera¬ 
tions  an  amplifier  consisting  of 
three  tuned  stages  with  a  cathode 
follower  output  was  built.  A  peak 
gain  of  approximately  9  X  10*  at 
395  kc  was  obtained. 

Experimental  Method 

The  input  circuit  to  the  ampli¬ 
fier  consisted  of  the  phototube  and 
its  load  resistor  in  parallel  with 
the  amplifier  input  impedance.  The 
coupling  impedance  Z  was  meas- 
j  ured  to  be  21,000  ohms  to  within  5 
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When  we  say  Radio  Noise-Proofed— y/e  mean  Radio 
Noise-Proofed.  It’s  no  tridc  at  all  to  build  a  filter 
with  high  attenuation  at  150  kc  or  100  me  .  .  .  but 
to  build  one  which  filters  at  150  kc  and  100  me— as 
well  as  all  points  in  between— is  a  horse  of  a  differ¬ 
ent  color.  We  know  because  we’ve  done  it.  It  is 
only  one  of  hundreds  of  available  types  of  C-D 
Quietones  designed  tor  all  standard 


Among  these  stock  types  there  may  be  one  which 
will  bring  the  interference  level  of  your  produa 
down  to  the  level  of  a  rabbit’s  bark.  If  not,  we 
invite  you  to  make  full  use  of  our  Radio  noise¬ 
proofing  laboratory  and  our  engineers  for  the  de¬ 
velopment  of  a  unit  designed  for  your  specific  needs. 

Your  inquiries  are  cordially  invited.  Address: 
G>rnell-Dubilier  Electric  Corporation,  Dept.K-11, 
South  Plainfield,  N.  J.  Other  large  plants  in  i^ew 
Bedford,  Worcester  and  Brookline, 
Mass.,  and  Providence,  R.  I. 

Make  Your  Product  Mero  Soloablo 
With  C-D  Quiotono  Radio  Noiso 
Fiitor*  and  Spark  Supprossors 


MICA  •  OTKANOl  •  ^APfR  •  lUCTtOLYTIC 


JSnH  PRODVCTr 

L  B*  BAPIO  HOIS^BBOOm.  WtH.  C-B 


V  S.  Off 
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THE  ELECTRON  ART  (cMiHniMd) 

percent ;  this  impedance  can  be  con¬ 
sidered  constant  over  bandwidth. 

The  phototube  used  in  these 
measurements  was  a  GE  1P24.  Sev¬ 
eral  tubes  were  tested  and  little 
difference  between  them  was  found. 

The  output  voltage  from  the 
amplifier  was  measured  by  two 
methods :  a  vacuum  thermocouple 
with  a  3,000-ohm  resistor  in  series 
indicated  the  rms  value  of  the  out¬ 
put,  while  a  vacuum-tube  voltmeter 
was  used  to  measure  peak  voltage. 
(The  vtvm  was  a  peak  reading 
instrument  calibrated  in  rms  value 
of  a  sine  wave,  wTiich  is  0.707  of 
the  peak.  Therefore  the  actual 
meter  readings  were  multiplied  by 
1.414  to  obtain  peak  values.)  The 
thermocouple  output  is  fed  to  a 
galvanometer.  The  combination 
was  calibrated  at  395  kc  and 
checked  at  300  and  500  kc,  at  which 
frequencies  the  calibration  was 
little  changed  from  the  center-fre¬ 
quency  value. 

Theoretical  values  of  the  noise 
output  of  the  amplifier  were  ob¬ 
tained  from  the  foregoing  equation 
using  the  measured  value  of  Z.  The 
expression 

/•flO 

X 

was  evaluated  by  numerical  inte¬ 
gration  of  the  measured  response  of 
the  amplifier,  with  squared  ordi¬ 
nates.  Substituting  the  numercial 
values  in  the  equation  for  noise 
gave  Fat*  =  3.0  x  10‘t  square  volts, 
where  i  is  the  phototube  current. 

Theoretical  and  observed  values 
for  F.V  are  shown  in  the  graph. 
Observed  values  were  corrected  for 
residual  amplifier  noise  by  means 
of  the  relationship 

V,  =  (Vo*  -  F.*)*  ’ 
where  Vo  is  the  measured  amplifier 
output  voltage  with  noise  signal 
from  the  phototube  applied  and  F* 
is  the  residual  noise  with  no  applied 
signal.  The  residual  noise  amounted 
to  about  0.3  rms  volt.  The  close 
agreement  between  theoretical  and 
observed  values  indicates  that  other 
sources  of  noise  contribute  very 
little  to  the  noise  output. 

Observed  peak  values  are  also 
plotted  on  the  graph.  The  peak 
voltage  is  about  three  times  the 
rms  value.  This  represents  con¬ 
siderable  departure  from  sinusoidal 
waveshape  for  which  the  peak  value 
is  1.414  times  the  rms  value.  (Some¬ 
thing  about  the  impulse  waveform 


An  Electrical  Relay,  whatever  its  style  Qr  type, 

responds  to  a  changing  condition  in  one  !  ||H 

electrical  circuit  to  cause  a  change  in  another  Hw 

Wherever  electrical  energy  is  used  as  a  con-  HnE  I&1 1 

trolling  agent,  SIGNAL  ENGINEERING  Relays 

can  be  applied  in  a'  wide  variety  of  uses.  klBM  wQl 

Perhaps  you  have  an  electronic  circuit  HBb  aflM 

where  a  change  in  voltage  or  current  re- 
quires  the  switching  of  several  other  cir-  ^BST  j|| 
cults.  The  SENSITIVE  MULTIPLE  CONTACT 
PLUG-TYPE  RELAY,  illustrated  at  right,  is  4I|mP 
designed  to  meet  just  [j|Wfj 

such  a  condition  and 
offers  up  to  6  pole,  double  throw,  with 
^  a  20  point  plug.  A.C.  or  D.C.  Ask  for 


^  A  keying  circuit  or  pulsing  circuit  where 
rapid  response  and  low  current  drain 
are  required  characteristics.  The  SERIES 
10  AND  SERIES  20  RELAYS ‘are 
fast,  sensitive,  shockproof  end 
are  adaptable  to  many  contact 
arrangements.  Bulletin  KR1-6. 


The  need  for  a  small,  rugged,  POWER 
RELAY,  double  pole,  double  throw, 
without  pigtails,  for  operation  of  bells, 
horns,  lamps,  small  motors,  etc.  Write 
for  Catalog  6-6. 


An  application  requiring  a  high  fre¬ 
quency  COAXIAL  CABLE  RELAY,  with 
correctly  designed,  low  loss  circuit, 
available  with  A.C.  or  D.C.  actuating 
coils.  Bulletin  CR1-6. 
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Exclusive  Manufacturers  of  Communications  Network  Components 

Mm 


1  iH 

■■iivimiisi 

■■iirnHiiw 

■■liESrviB 

■III 

ij  ■ 

i  s 

mil 

Hill 

■111 

■Cll 

■m 

^  Hi 

mi  ^11^ 

I  ■ 

■rJWHlIiB 

■■II 

il 

■JimKiiiBi 

■■II 

1  ■ 

■■II 

mm 

■■II 

ra 

iOdiliaiBIIIB 

■illlBHIIIIB 

■■II 

■■II 

%  of  Center  Frequency 


Wide  band  sharp  cutoff  band  pass. 
Size:  2  x  3%  x  6%. 


The  big  three  out  of  30  types  of 
toroidal  coils  we  are  supplying. 
TC-1  any  ind.  up  to  10  hys. 
TC-2  any  ind.  up. to  30  hys. 
TC*3  any  ind.  up  to  .750  hys. 


I^UAHelL  &  Go*KflCi*tU 


'ALL  INQUIRieS  WILL  BE  PROMPTLY  HANDLED 


YONKERS  2,  NEW  YORK 

CiBLE  AOORESS  BUfldELL  "  * 

.  .  WRITE  FOR  TECHNICAL  INFORMATION 


~Bendi)^  Aviation  Corporation 

NOUTH  HOLLYWOOD.  CALtf 


THE  ELECTItON  ART  (couHniMd) 

of  the  noise  could  be  inferred  from 
this  factor  of  three,  but  would  have 
little  significance  without  further 
measurements.) 


Conclusions 

From  these  observations  it  is 
concluded  that  the  noise  output 
from  vacuum  phototubes  is  almost 
entirely  due  to  shot  effect  for  cur¬ 
rents  up  to  at  least  one  milliampere, 
and  can  be  calculated  simply  and 
accurately.  The  fact  that  the  peak 
to  rms  ratio  is  higher  for  the  noise 
signal  than  for  a  sinewave  is  im¬ 
portant  in  applications  where  the 
response  to  peak  voltage  is  being 
used. 


(1)  A.  L.  Hughes  and  Ii.  A.  I>uBridgre, 
“Photoelectric  Phenomena,”  p  34,  McGraw- 
Hill  Book  Co.,  1932. 

(2)  B.  A.  Kingsbury,  The  Shot  Effect 
In  Photoelectric  Currents,  Physical  Re¬ 
view,  88,  p  1458,  1931. 

(3)  J.  B.  Johnson  and  F.  B.  Llewellyn, 
Limits  to  Amplification,  Electrical  Engi¬ 
neering,  58,  p  1449,  1934. 

(4)  Henry  Wallman>  Stagger-Tuned 
1-F  Amplifiers,  MIT  Rad.  Lab.  Report  No. 
5H.  (The  factors  for  1,  2,  3,  and  4 
stages  were  independently  determined  by 
I.  Rotkin  and  P.  R.  Karr  of  NBS  and 
reported  by  them  at  the  October  1947 
meeting  of  URSI  In  Washington.) 


■  he  Bendix  Model  TXV-2A  Transmitter  is  a  VHP  direct 
FM  transmitter  developed  to  supplement  a  complete  line  of 
telemetering  components  designed  for  use  in  the  FM/FM 
subminiature  telemetering  system. 

Complete  telemetering  facilities  are  available  at  Bendix  Pacific 
including  not  only  the  manufacture  and  supply  of  components, 
but  also  installation  and  application  engineering,  field  operations, 
data  reduction  and  engineering  consultation. 


Detecting  Displacement 

Sensitive  variable-resistance  heli¬ 
cal  spring  transducers  are  being 
studied  by  W.  A.  Wildhack  and  his 
associates  at  the  National  Bureau 
of  Standards.  The  device  consists 
of  a  gold-coated  nickel-alloy  wire 
spring  that  is  wound  with  high  ini¬ 
tial  tension  and  so  that  its  elastic 
constant  varies  slightly  along  its 
length  (by  varying  the  winding 
tension,  angle  of  feed  or  spring 
radius).  Thus,  when  the  spring  is 
slowly  loaded,  the  turns  pull  apart 
one  by  one  rather  than  simultane¬ 
ously.  When  the  spring  is  entirely 
closed,  it  has  a  low  electrical  re¬ 
sistance  from  end  to  end  because  of 
the  low  contact  resistance  of  the 
gold  plating;  as  it  is  loaded,  the  re¬ 
sistance  continuously  increases. 
The  percentage  change  in  resistance 
can  be  hundreds  of  times  greater 
than  the  percentage  change  in 
length.  Displacements  of  0.0001 
inch  can  be  measured  without  elec¬ 
trical  amplification  by  this  highly 
sensitive  and  versatile  method  that 
is  applicable  to  strain  gages,  pres- 


Fr«qu*ncy  rang*:  209  mc  to  227  OC 
Modulation:  to  — .  125  kc 

Power  roquirod:  135  volts  at  40  ma  and  6  volts  at  0.45  amp. 
Nominal  output:  0.5  watt  into  51.5  ohms 
Weight:  .875  pounds 

Case  Dimentioni:  2  inches  in  diameter-5  Vi  inches  long 
(excluding  conneaors) 


Additional  information  on  tho 
TXV-2A  Transmittor 
or  otiior  tolomotoring 
components  or  torvicos 
is  available  upon  request  from 
qwalillod  companies. 


DATA  REDUCTION 


East  Ceest  Otikos:  47S  Fifth  Ave.,  Now  York  17,  N.Y. 
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a  superior,  low  cost 
alternate  for  many 
commonly  used  materials 


A  manufacturer  replaced  a  machined  pari  which 
cost  him  33  cents  each  with  an  improved  AISiAAog  component 
which  cost  14  cents  each.  AISiMog  engineers  cooperated  in 
redesigning  this  component  for  maximum  usefulness  to  the 
customer  and  minimum  production  cost — Thot  some  engineering 
cooperotion  is  avoiloble  to  you  on  request. 


•  Engineers  are  often  surprised  to  find  that  metal,  plastic  or 
wood  parts  can  be  replaced  with  AISiMag  components  at  a 
saving  in  cost.  At  the  same  time  they  usually  gain  highly  de¬ 
sirable  advantages  in  product  performance.  It  is  natural  that 
a  product  with  the  many  superior  advantages  of  AISiMag  would 
be  expected  to  be  expensive.  The  basic  materials  in  AISiMag 
are  costly. 

Automatic  and  efficient  manufacture  permits  quantity  pro¬ 
duction  of  AISiMag  parts  at  low  prices.  Thus,  AISiMag  prices 
are  frequently  lower  than  prices  of  similor  parts  in  cheaper 
materials  which  are  more  expensive  to  fabricate. 

AISiMag  technical  ceramic  components  are  custom  made 
for  the  individual  requirement.  AISiMag  is  the  trade  name  of 
a  large  number  of  ceramic  compositions.  The  physical  charac¬ 
teristics  of  the  various  compositions  are  clearly  and  accurately 
listed  in  the  AISiMag  Property  Chart,  sent  free  on  request. 

Our  engineers  will  be  glad  to  submit  suggestions  on  design 
and  give  you  information  on  cost  if  you  will  submit  details  of 
your  requirements. 
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AMERICAN  LAVA  CORPORATION 


CHATTANOOGA  5,  TENNESSEE 


SALES  OFFICES:  ST.  LOUIS,  MO..  1123  Washington  Ava..  Ttl:  GaHield'49S9  •  NEWARK.  N.  J..  671  Broad  St..  Ttl:  MiicheH  2  8159  •  CAMBRIDGE,  Mass..  38  B  Brattia  St., 
Tat:  Kirtiland  4498*  a  CHICAGO,  9  S.  Clinton  St.,  Tal:  Control  1721  •  LOS  ANGELES,  324  N.  San  Pedro  St..  Tot:  Mutual  9079  •  PHILADELPHIA,  1649  N.  Broad  St.' 


1 


mm 


PROBLEM 


SOLUTION 


REASONS 


COLLINS  RADIO  COMPANY 

chose  STANDARD’S  Crystal -Type  20 
for  their  "new  vhf  navigation  receiver’ 


Bcuia  of  sensitive  mechonoelectrical  trans¬ 
ducer  is  progressive  separation  ol  turns 
under  increasing  tension.  Unloaded  re¬ 
sistance  is  that  of  a  solid  cylinder  because 
of  low  contact  resistance  between  gold 
plating  on  coils  and  high  overage  initial 
*  teiuion  of  the  spring 


sure  elements,  accelerometers, 
weighing  devices,  temperature  con¬ 
trollers,  and  other  measurements 
involving  changes  in  dimensions. 
The  preferable  construction  for  a 
transducer  using  such  springs  is  a 
four-arm  bridge  in  which  a  dis¬ 
placement  elongates  one  pair  and 
shortens  the  other  pair  of  springs. 
Measurements  with  this  circuit  are 
reproducible  to  one  percent. 


To  build  a  receiver  intended  for  airline  and  military 
aervice  in  the  vhf  navigation  and  communication 
bands.  Compactness  and  elimination  of  extra  weight 
dictated  use  of  a  crystal  that  is  light  in  weight, 
hermetically  seal^  and  highly  stable. 


Reducing  Hum  in  Pentodes 

By  Imre  Zakarias 

Picofarad  Elektromos  Meroberendezeaek 
Budapest,  Hungary 

Using  screen-grid  tubes  for  am¬ 
plifying  low-level  signals  of  the 
order  of  ten  microvolts  having  fre¬ 
quency  components  in  the  band 
from  0.5  to  200  cycles  per  second, 
as  in  equipment  for  electrocardi¬ 
ography  and  electroencephalog¬ 
raphy,  is  troublesome  because  of 
the  residual  hum  from  the  alternat¬ 
ing  current  used  in  the  heaters,  de¬ 
spite  screening,  filtering,  and 
grounding  of  the  cathode.  Tests 
show  that  this  heater  hum  varies 
with  tube  type  and  between  indi¬ 
vidual  tubes  of  the  same  type.  To 
find  means  for  counteracting  this 
source  of  hum,  measurements  were 
made  which  showed  the  effective¬ 
ness  of  the  several  alternatives. 


STAHO 

CAATZ 

,0«4 


STANDARD’S  Crystal-Type  20 


Let  us  send  you  our 
FREE  catalog  showing 
the  STANDARD  line  of 
frequency  control  units. 
For  special  problems, 
our  engineering  depart¬ 
ment  is  at  your  service. 
There's  no  obligation 
involved. 

(We  manufacture  qual¬ 
ity  super-sonic  and 
ultra-sonic  crystals.) 


(as  stated  by  Collins  Engineering  Department) 


(1)  Standard'sType  20  meets  ±.005% 
stability  requirement  over  — 55  °C 
to  -{-90°C  range  and  is  hermeti¬ 
cally  sealed  in  dry  nitrogen. 

(2)  Low  price  for  required  perform¬ 
ance. 

(3)  Best  volume  and  shape  factor. 

(4)  Standard's  Type  20  proved  con¬ 
sistently  superior  in  stability  and 
activity. 


Sources  and  Measurement  •/  Hum 

If  there  is  a  potential  difference 
between  cathode  and  heater,  as  in 
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Youre  sure 


WHEN  IT’S  100%  PRESTO 


Pictured  here  is  an  all-Presto 
single  channel  recording  sys¬ 
tem.  Above  is  the  block  dia¬ 
gram,  worked  out  for  this 
equipment  by  Presto  engi- 


'  r  i  ‘ 


7HEN  YOU  NEED  recording  or  transcription  equipment  you 
VV  can’t  go  wrong  if  you  make  the  complete  system  lOO^^  Presto. 

For  Presto  is  the  world’s  foremost  manufacturer  of  recording  and 
transcription  equipment  and  discs.  And  Presto’s  experience  with 
countless  installations,  including  all  the  big  ones,  will  aid  you  in 
achieving  greater  efficiency  and  trouble-free  operation. 

The  recorder  is  the  8DG  with  direct  gear  drive.  The  amplifiers 
are  the  39-B  three  channel  preamp,  the  41-A  limiter,  the  92-A  60 
watt  recording  amplifier,  and  the  89-A  monitor. 

Multiple  channel  installations  consist  of  as  many  duplications  of 
the  basic  channel  as  are  needed  with  the  addition  of  switch  or  patch¬ 
ing  facilities.  When  you  think  of  recording,  think-of  PRESTO. 


4pl 


RECORDING  CORPORATION 

Poramut,  New  Jersey 

Mailing  Address:  P.O.  Box  500,  HockenscKk,  N.  J. 
hi  CMHdi:  WALTER  P.  DOWNS.  LU.,  DceiiiUM  S*.  BMi.,  Mortrasi 


WORLD’S  LARGEST  MANUFACTURER  O F  / NSTANTANEOUS  SOUND  RECORDING  EQUIPMENT  AND  DISCS 
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20,000 

MAXIMUM  AT  POT  1  2A5  PEAK  VOLTS  (1-0  RMS  V) 


CRtS^^V 

PHOMOOR^^* 

PlCRtt^  . 


(NOTE:R,„AND  R„  IN  CIRCUIT  ONLT  FOR  TESTS 
REPORTED  IN  FIO.  3C  ) 


FIG.  1 — Exp«rim«ntal  circuit  for  moosurinq 
hum  produced  by  hootor  curront 


self-biased  circuits  and  in  which 
case  the  cathode  is  not  grounded,  a 
portion  of  the  hum  can  arise  from 
leakage  currents  between  heater 
and  cathode.  But  usually  the  hum 
results  from  the  fluctuations  of  the 
current  distribution  between  screen 
grid  and  plate  caused  by  the  deflec¬ 
tion  effect  of  the  alternating  mag¬ 
netic  field  of  the  heater  current. 
Tests  in  which  the  tube  was  heated 
by  direct  current  and  an  auxiliary 
alternating  potential  of  six  volts 
was  applied  between  heater  and 
cathode,  with  the  cathode  grounded, 
showed  no  hum.  Also,  the  hum  dis¬ 
appeared  when  the  screen  was  con¬ 
nected  directly  to  the  plate,  with 
a-c  heating.  Furthermore,  the  hum 
was  found  to  be  up  to  40  fold  great¬ 
er  in  a  variable-mu  tube  such  as  an 
AF  3  (comparable  to  a  58)  com¬ 
pared  to  a  sharp  cutoff  tube  such 
as  the  AF  7  (like  a  57).  It  was 
also  observed  that  the  hum  varies 
with  the  operating  point  so  that 
varying  the  control  or  screen  bias 
can  cause  the  hum  to  pass  through 
zero,  and  that  an  unbypassed 
screen  biasing  resistor  tends  to  in¬ 
crease  hum  whereas  an  unbypassed 
cathode  resistor  tends  to  decrease 


Gives  Maximum  Reproduction  of 
Miao-Groove  Record  Fidelity 


The  Shure  “9(X)MG”  Pickup  is  an  ideal  instru¬ 
ment  for  tracking  on  the  new  micro -groove 
records.  It  tracks  at  6  grams  .  .  .  uses  a  special 
offset  osmium -tipped  needle  with  a  point  radius 
of  only  .(K)!"  .  .  .  and  has  an  output  pf  1  volt! 
The  Shure  lever  system  has  been  adapted  in  the 
development  of  this  new  pickup  —  providing  a 
high  needle  compliance.  Listen  to  it— you  will  be 
thrilled  with  the  results! 


In  making  these  measurements 
of  power  line  hum,  the  compensat¬ 
ing  method  was  used.  A  voltage, 
derived  from  the  heater  circuit  by 
means  of  a  wired  potentiometer, 
for  controlling  magnitude,  and  a 
differential  capacitor,  for  adjusting 
phase,  was  impressed  on  the  plate 
of  the  tube  under  test.  The  normal 
operating  voltages  for  the  tube  were 
obtained  from  batteries;  Fig.  1 


Model  "900MG 


Code:  RUZUZ 


Shwr*  FofwVt  luuud  and  faading.  Lkantad  undar  Nm  FalwVt  of  tho  Broth  Dovolopmant  Co. 


Microphones  and  Atoustic  Devices 

22  S  W.  HURON  ST.,  CHICAGO  10,  ILL.  •  CABLI  ADDRfSSt  SHUREMICRO 
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Now  it’s  G-E  permanent  magnets  for  greater  accuracy 
in  casting.  The  permanent  magnets  shown  above  develop  a 
non-friction  braking  action  directly  in  proportion  to  the  speed 
of  the  plug.  Maximum  braking  is  applied  at  the  start  of  the 
cast  and,  as  the  spool  is  slowing  down,  the  braking  effect 
decreases  automatically. 

G-E  permanent  magnets  are  continually  finding  wide 
application  in  many  fields.  The  magnetic  reel  is  but  one  ex¬ 
ample  of  the  adaptation  of  an  industrial  magnet  engineering 
principle  to  an  entirely  different  field. 

Perhaps  there’s  a  use  for  G-E  permanent  magnets  in 
your  product.  Or,  you  m^  wish  to  improve  your  present  mag¬ 
net  design  for  greater  efficiency.  Our  engineers  will  be  glad 
to  work  with  you  to  improve  your  product.  For  details  and 
your  free  copy  of  CDM-l,  G-E  PERMANENT  MAGNETS, 
turtle  Metallurgy  Division,  Section  CM-11,  Chemical  Department, 
General  Electric  Company,  Pittsfield,  Mass. 


Smooth  catting  action  with  the 
Bristol  Electromatic  Reel 


Thr**  G-E  Sint«r*d  Alnico  magiMts  or* 
mounted  on  a  nen-mognotic  plot*  having 
odiuttoblo  air  gap.  A  bi-motallic  disc  of 
coppor  and  stool  mountod  on  tho  ond  of  tho 
spool  cuts  tho  linos  of  forco  of  tho  pormanont 
mognots.  Tho  oddy  curronts  inducod  sot  up 
oloctromognotic  polos  which  ropol  tho  porma¬ 
nont  mognot  polos  producing  a  drag  on  tho 
spood  of  tho  spool.  Sinco  tho  strongth  of  tho 
oloctromognotic  polos  doponds  on  tho  spood 
of  rotation  of  tho  spool,  this  braking  offset 
is  automatically  applied  at  all  timos  in  lust 
tho  right  amount.  Outstanding  advantages  of 
this  now  reel  are  smooth  casting  action, 
greater  accuracy,  and  freedom  from  backlash. 


ELECTRIC 
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E  recording 

FM  QUALITY 
WEASY  PORTABILITY 


IN  VOLTS 


IN  /VOLTSi 


T  h  n  basic  Magnecordnr 
rncordnr  mechanism  (PT6-A) 


FIG.  2 — Characteristic*  (A)  and  relotiTe 
hum  current  in  plate  circuit  (B)  of  a  sharp 
cutoff  pentode 


The  New  3  Element 

i*A©Me«oR®*“ 


shows  the  circuit.  Balance  in  the 
plate  circuit  was  indicated  by  a 
cathode-ray  oscilloscope. 


The  Magnecorder  meets  the  highest  broadcast  standards, 
and  it  costs  you  less.  You  buy  and  combine  only  the 
units  you  need: 

Magnecorder  (PT6-A)  —  Basic  recorder  mechanism. 
Portable  Mixer-Amplifier  (PT6-P)  —  Recording  and  repro¬ 
ducing  portable  field  amplifier.  Can  be  used  as  high- 
quality  remote  amplifier.  Mixes  three  low-level  micro¬ 
phones. 

Rack  Mount  Amplifier  (PT6-R)  —  Recording  and  reproduc¬ 
ing  amplifier  for  studio  rack  mounting.  With  PT6-A 
makes  complete  studio  recorder-reproducer. 


ExpeHmental  Method  and  Results 


So  that  absolute  values  could  be 
obtained,  the  deflection  sensitivity 
of  the  oscilloscope  and  the  volts  per 
scale  division  of  the  balancing  po¬ 
tentiometer  were  determined. 
Knowing  these  factors,  the  hum 
can  be  expressed  in  terms  of  alter¬ 
nating  current  in  the  plate  circuit, 
or  as  the  ratio  of  hum  current  to 
steady  plate  current.  Shorting  the 
two  0.02-meg  resistors  in  series 
with  the  balancing  potentiometer 
increased  the  compensating  voltage 
by  a  factor  of  five.  Although  the 
differential  capacitor  was  found 
necessary  to  eliminate  minor  phase 
shifts,  it  was  observed  that,  in  gen¬ 
eral,  the  hum  was  in  phase  with  the 
heater  voltage. 

The  results  are  presented  in  the 
form  of  curves.  Figure  2A  is  the 
measured  characteristic  of  the  AF 
7  tube  used  in  the  tests.  Figure  2B 
shows  the  ratio  of  hum  to  steady 
plate  current  as  a  function  of  con¬ 
trol  grid  voltage  for  four  values 
of  screen-grid  voltage.  Figure  3A 
shows  the  same  measurements  plot¬ 
ted  as  a  function  of  plate  current. 
In  interpreting  the  effects  shown 
in  these  last  two  families  of  curves. 


Weight  —  PT6-A,  23  pounds;  PT6-P,  29  pounds. 

Wow  and  Flutter  —  .2% 

Frequency  Response  —  40  to  15,000  cycles;  or  —  2  db. 
Tape  Speed  —  15  inches  or  716  inches  per  second  (Inter¬ 
changeable). 

Motor  —  Synchronous  1/50  HP. 

Single  Control 
Rewind  —  45  seconds. 

Reels  —  Standard  7-inch  8MM  film  reels. 

Current  failure  never  throws  tape.  Instantly  Interchange 
able  from  portable  to  rack  mounting. 

Write  today  for  detailed  specifications 


INCORPORATED 


360  N.  Michigan  Ave, 


Chicago  1 
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Product  faults  found  in  minutes 
with  MB  vibration  exciters! 


Note  that  MB  Exciters  can  he  swung  to  any 
convenient  angle  on  the  trunnion  mounting. 


Some  time  ago,  a  large  automotive  manufacturer 
was  attempting  to  learn  whether  gas  tanks  could 
be  strengthened. 

They  first  used  a  mechanical  shaker  on  a  test 
tank  in  an  attempt  to  discover  possible  trouble— 
but  days  went  by  without  signs  of  failure.  How¬ 
ever,  when  an  MB  Exciter  was  attached,  the  tank 
was  vibrated  to  destruction  in  a  matter  of  min- 
,  utesf  A  repeat  test  produced  a  similar  failure. 
Based  on  the  visual  evidence,  which  eliminated 
the  need  for  any  dynamic  computations,  the  tank 
was  redesigned,  and  it  was  made  not  only 
stronger,  but  materially  fip/ifer— cutting  costs  as 
well  as  saving  steel. 

In  another  case,  where  one  manufacturer’s 
headlight  bulbs  were  failing  in  great  numbers, 
an  MB  Exciter  fixed  the  blame  at  once— on  the  fila¬ 
ment  supporting  arm,  which  was  resonating  at  a 
frequency  within  the  operating  range  of  the  car. 

These  cases  illustrate  a  technique  of  testing 
that  you’ll  find  increasingly  valuable  as  experi¬ 
ence  shows  you  new  applications  for  this  product 
improver.  MB  vibration  exciters  are  now  being 
used  by  many  of  the  country’s  largest  companies 
—for  fatigue  testing,  for  location  of  noise  sources, 
for  determining  the  vibratory  response  of  prod¬ 
ucts— and  the  corrective  measures. 

Would  you  like  to  know  more  about  how  to  use 
this  shaker  in  your  own  work?  An  MB  engineer 
will  be  glad  to  give  you  the  benefits  of  our  spe¬ 
cialized  vibration  experience. 


if  your  product  has  any  vibration  at  all — 
this  MB  VIBRATION  PICKUP  will  detect  iti 


There’s  no  practical  lower  limit  on  the 
amplitude  of  vibration  you  can  detect 
with  the  MB  Vibration  Pickup — it’s  that 
sensitive!  And  there’s  no  engine  it  can’t 
be  used  on  —  It’s  that  durable  under 
high-powered  pulsations! 

It  Is  a  velocity-type  pickup,  electri¬ 


cally  damiJed.  with  a  range  of  5  to  1000 
c.p.8.  and  usable  in  any  position.  When 
the  pickup’s  electrical  output  Is  fed  to 
standard  voltage  measuring  equipment, 
it  can  be  used  to  check  products  for 
operating  smoothness  and  for  quality- 
control. 


WRITE  FOR  FREE  BULLETINS 

Ask  for  bulletin  “Vibration  ’Testing  Technique” 
which  describes  how  MB  Exciters  are  used.  And 
Bulletin  124A  will  give  you  more  details  on 
Pickup.  Write  Dep’t.  DS. 
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special  Shapes  and  Features?  .  .  .  Tolerances  within 
.0005"  . . .  Let  our  experience  in  supplying  precision 
small  and  medium  sized  gears  with  such  features 
solve  these  produaion  problems  for  you  .  .  .  Ask  for 
quotation  on  your  job  specifications.  Circular 
on  Request. 

mkmmcr  or 


1021  PARMELE  STREET,' ROCKFORD,  ILLINOIS 


MC»iL204A 

lieVLATID 


0-500  VOLTS  D  C  AT 
300  MA  WITH  POSITIVE 
OR  NEGATIVE  GROUND 


The  Model  204A  Regulated  Power  Sup¬ 
ply  will  provide  from  0-500  volts  of 
well  regulated  and  well  filtered  D.C. 
The  output  voltage  Is  continuously  vari¬ 
able  without  switching  and  either  posi¬ 
tive  or  negative  side  may  be  grounded. 


SUPPLY 


SPECIFICATIONS: 

OUTPUT  VOLTAGE 
Hlfh  VoMm:  O-SOO  VoIU  O.C.  eoMtIn- 
uoMly  varim*  (Without  twitthliig). 
Currant:  300  Ma. 

Low  A.C.  Vottan:  S-S  Votu  A.C.  at  0  anna, 
eantar^aiuad.  unrsoutelad 

REGULATION 

Within  1%  for  vaHafo  botwoon  30400 
volts,  from  no  load  to  fuH  load. 

Within  t%  for  lino  voltaio  variations  from 
106  to  126  voHt  at  full  load  ourront  for  any 
vottaio  botwoon  30400  volla  and  wMdn 
2%  at  10  volta. 

HUM  VOLTAGE 

Within  10  MiNivoItt  at  any  voltaio  or  load 
within  ratinia. 


ELECTRONIC  MEASUREMENTS  COMPANY 

PED  BANK  •  NEW  JERSEY 


FIG.  3 — Results  obtained  lor  sharp  cutoff 
tube  AF  7  (comparable  to  a  57) 


it  is  necessary  to  take  into  consi¬ 
deration  the  change -in  gain  pro¬ 
duced  by  the  change  in  grid  bias 
(or  plate  current).  This  change 
is  shown  as  a  function  of  plate  cur¬ 
rent,  for  use  with  Fig.  3A,  in  Fig. 
3B.  The  effect  of  resistance  in  the 
screen  circuit  is  shown  by  the  two 
sets  of  curves  in  Fig.  3C;  those  to 
the  left  show  change  in  gain,  those 
to  the  right  show  relative  hum, 
both  as  functions  of  plate  current. 

Comparing  Fig.  2A  and  26  it  can 
be  found  that  the  equivalent  hum 
amplification  factor  of  the  screen 
grid  is  34  compared  to  27  for  the 
anode  current  amplification  factor. 
This  greater  amplification  factor 
for  the  hum  is  also  evident  from 
Fig.  3A.  Figure  3C  shows  that,  as 
the  unbypassed  screen  resistance  is 
increased,  the  hum  increases  and 
the  gain  decreases.  The  screen-grid 
voltage  varies  somewhat  with  plate 
current  therefore  the  curves  are  not 
fully  comparable.  At  plate  currents 
below  0.4  ma  the  amplification  fac¬ 
tor  is  small  so  that  the  screen  de¬ 
generation  is  negligible  and  the 
curves  are  therefore  identical. 

Figure  4  shows  measurements  on 
an  AF  3;  Fig.  4A  shows  the  hum. 
Fig.  46  shows  the  gain.  From  Fig. 
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cables  can  't  go 


MULTIPLEX  can 

^latural  hazards  are  no  longer  obstacles  to  the  telephone  engineer.  Standard 
Time-sharing  Multiplex  can  provide  a  thoroughly  reliable  trunk  system  which  is 
easy  to  install  and  maintain  in  the  most  difficult  terrain. 

Each  equipment  deals  with  up  to  24  channels,  handling  any  kind  of  A.F.  traffic 
in  the  300-3400  c  s  range,  including  teleprinter  and  automatic  telephone  signals. 

Time-sharing  Multiplex  ensures  low  crosstalk  and  noise  levels,  and  fading  does 
not  affect  speech  levels. 

A  UHF  carrier  is  used,  and  the  normal  line-of-sight  range  can  be  extended 
by  automatic  repeaters. 

Complete  terminal  equipment  occupies  a  double  cabinet  7'  wide  x  2  4'  deep 
X  6  6'  high,  and  aerials  may  be  up  to  100  from  the  main  equipment. 

Write  for  Bulletin  No.  511  which  gives  further  facts  and  figures. 

Standard  Telephones  and  Cables  Limited  Radio  Division 

OAKLEIGH  ROAD.  NEW  SOUTHGATE,  LONDON,  N.ll,  ENGLAND 

R.D.6. 
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FIG.  4 — CuTTet  show  change  in  hum  and 
gain  of  yariable-mu  tube  like  a  58 


ll8^l  650 

(Ovtpvt  <-44  db) 


4A  one  can  infer  that  at  some 
screen  voltage  between  20  and  40 
volts  there  should  be  a  hum  curve 
having  several  zeros.  From  these 
measurements,  as  summarized  in 
the  introduction  and  as  elaborated 
in  these  curves,  it  can  be  seen  that 
the  operating  condition  of  a  tube 
affects  the  relative  hum  current  ap¬ 
pearing  in  the  plate  circuit.  Under 
special  favorable  conditions  this 
hum  current  can  be  made  to  vary 
about  zero  magnitude. 

In  conclusion,  I  express  my 
thanks  to  Mr.  Nandor  Szabo,  chief 
of  the  Company  Erdely  and  Szabo, 
for  making  the  instruments,  and 
to  Mr.  Henry  Tabori  for  his  help 
in  the  tests,  which  were  completed 
in  September  1944. 


P  FEATURES  LIKE  THESE 
WIN  TOP  RATING 

and 

Flat  ovt  to  IS  kcl  Extromoly  high  outputl  hnpodaneo  $oioetorl  DuaU 
typo  shock-movotl  Romaikably  rvggodi  Indivkivally  calihratodl 

Developed  in  cooperation  with  station  and  network 
engineers,  the  new  “650”  and  “645”  meet  exacting  re¬ 
quirements  of  modern  high  fidelity  FM  and  AM  broad¬ 
cast  service.  Proved  in  studio  and  remote  use.  Polar 
pattern  is  non-directional  at  low  frequencies,  becoming 
directional  at  high  frequencies.  Recessed  switch  gives 
instant  selection  of  50  or  250  ohms  impedance.  Exclu¬ 
sive  Acoustalloy  diaphragm  withstands  toughest  use. 
Many  other  important  features  assure  the  ultimate  in 
broadcast  quality.  Satin  chromium  finish.  Fully  guaranteed. 

Model  650.  Output  level  — 46  db.  List . $150.00 

Model  645.  Output  level  — 50  db.  List . $100.00 

BroadcMSt  Engineers:  Put  the  *’650" or  "645"  to  the  test  in  yonr  station. 
Know  the  thrill  of  nsing  the  newest  and  finest.  Write  for  fall  details. 


SURVEY  OF  NEW  TECHNIQUES 


Stereoscopic  screens  for  motion 
picture  or  television  projection  be¬ 
fore  large  audiences  have  been  ex¬ 
perimentally  developed  by  E.  G. 
Beard  of  the  Philips  Company  in 
Sydney,  Australia.  In  its  simplest 
form  the  screen  consists  of  a 
polished  metal  sheet  engraved  with 
over-lapping  sets  of  concentric  cir¬ 
cular  grooves  of  semicircular  cross- 
.section.  The  grooves  act  as  concave 
mirrors  that  reflect  the  two  images 
projected  onto  the  screen  to  the  ob¬ 
servers  at  the  correct  angles.  The 


NO  FINBR  CHOICE  THAN 


Modal  645 

(Output  —50  db) 
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Two  years  ago  Soundcraft  introduced  the  ^Broadcaster',  a  premium  quality  instantaneous 
recording  disc.  The  **8uper”  blank  record  costs  more  to  make,  is  worth  more  to  the  broadcast 
engineer. 

Representing  but  a  small  portion  of  the  cost  of  a  recorded  program  or  record  release,  the 
blank  disc  is  yet  the  heart  of  any  recording  project.  No  platter  can  be  more  expensive  than  one 
that  loses  a  program  or  originates  doubtful  pressings.  Soundcraft  knew  that  key  engineers  appre- 
dated  these  facts. 

Soundcraft’s  judgment  in  offering  the  high-reliability  ‘Broadcasters’  ( mos/er-selected  discs  in 
standard  sizes)  and  the  wax-like  ‘Maestros’  (oversize  discs  for  processing)  has  been  vindicated  by 
widespread  acceptance  on  the  part  of  makers  of  the  best  off-the-line  recordings,  transcriptions, 
and  phonograph  records. 

For  real  economy  don't  cut  your  disc  budget,  cut  the  best  disc! 

Clip  the  coupon  today  for  the  story  of  how  Soundcraft  discs  are  made,  the  list  of  Soundcraft 
distributors,  and  your  sample  ‘Broadcaster’. 


F or  real  economy  don't  cut  your  disc  budget, 
cut  the  best  disc! 


REEVES\OUa 

10  EAST  52nd  STREET 


NEW  YORK  22,  N.Y 


Export  Addretr 
Rkevintf.ii,  N.  Y. 


cave 

ages 


)NICS 
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THE  ELECTRON  ART  (conHnued) 

principle  can  also  be  applied  to 
transparent  screens  by  using  re¬ 
fracting  circular  elements  instead 
of  reflecting  ones.  Stereoscopic  mo¬ 
tion  pictures  have  been  successfully 
shown  with  the  screen.  Experi¬ 
ments  will  next  be  made  to  project 
stereoscopic  television  pictures  in 
which  the  two  views  are  trans¬ 
mitted  with  the  interlacing,  thus 
requiring  no  additional  bandwidth. 


ALiANY:  PeH  Orang* 

Rddie  Distributing  Co. 

BALTIMORE:  Radio  Eloctric  Sorvico  Co. 
BOSTON:  Tho  Radio  Shack  Corp. 
BUFFALO:  Radio  Equipment  Corp. 
CHICAGO:  Walkor-Jimioson  Inc. 
CINCINNATI:  United  Radio  Inc. 
CLEVELAND;  Radio  A  Electronic 
Parts  Corp. 

DETROIT:  Radio  Specialties  Co. 
HOUSTON:  Geophysical  Supply  Co. 
INDIANAPOLIS:  Phillip  E.  Graham  Co. 
LOS  ANGELES:  Loo  J.  Moyborg  Co. 
MILWAUKEE;  Radio  Parts  Co.  Inc. 
NASHVILLE:  Eloctra  Distributing  Co. 
NEWARK:  Aaron  Lippman  A  Co. 

Parr  Eloctric  Co. 

NEW  ORLEANS:  Radio  Parts,  Inc. 
NEW  YORK:  E.  B.  Latham  A  Co. 
NORFOLK:  Radio  Supply  Co.  * 
PHILADELPHIA:  Rumsoy  Eloctric  Co. 
PITTSBURGH:  Comoradio  Co. 

ST.  LOUIS;  Van  Sickle  Radio  Co. 

SAN  FRANCISCO;  Loo  J.  Moyborg  Co. 


Noise  has  been  put  to  good  use  by 
two  physicists,  Drs.  J.  V.  Garrison 
and  A.  W.  Dawson.  By  using  the 
increase  in  thermal  noise  with 
temperature  as  an  indication  of 
temperature,  they  have  devised  a 
method  of  measurement  that  oper¬ 
ates  from  absolute  zero  to  about 
5,000  F  and  is  more  accurate  over 
this  range  than  other  means. 


Static  charges  can  be  dissipated 
as  formed,  thus  preventing  the  pos¬ 
sibility  of  abrupt  discharges  that 
produce  interference,  by  placing 
minute  amounts  of  polonium  in  the 
vicinity.  Radiations  from  the  rare 
radioactive  element  that  are  harm¬ 
less  to  humans  are,  nevertheless, 
sufficient  to  ionize  the  surrounding 
air  so  that  charges  can  be  dissi¬ 
pated.  Polonium  can  be  plated  eas¬ 
ily  onto  other  metals. 


Resistances  from  10"  to  10”  ohms, 
for  use  with  phototubes,  electromet¬ 
ers  and  other  high-impedance  de¬ 
vices,  have  been  developed  that  con¬ 
sist  of  platinum  evaporated  on  glass 
and  sealed  within  a  vacuum.  Such 
resistors  obey  Ohm’s  law  within 
about  one  percent  from  0.1  to  300 
volts,  and  are  stable  with  time  to 
within  a  few  percent,  unaffected  by 
humidity,  and  are  small,  being 
about  2  inches  long  and  0.25  inch  in 
diameter.  A  particularly  interest¬ 
ing  property  of  these  resistors  is 
that  the  magnitude  of  the  noise 
produced  by  them  equals  that  theo¬ 
retically  expected  from  the  value  of 
their  resistance.  Patented  by  D. 
Vodar,  Laboratorie  de  Physique 
Enseignement,  Sorbonne,  Paris,  the 
resistors  are  commercially  produced 
by  Etablissement  Beaudouin  (3  Rue 
Rataum,  Paris). 


Incobpo^ 
srSSBX  AVBNUB 


OBID  COHTBOl. 
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PLASTICON 
TS  CAPACITORS 

(operate  from  —  80**  to  +  400*’F) 


Introducing— 


SJ^opments 


are  used  in  — 

PLASTICON 
PULSE  FORMING 
NETWORKS 


The  dielectric  combination  in  Type  TS  capacitors 
consists  of  "Teflon”  film  and  "Silicone”  fluid.  Both 
materials  are  unusually  temperature-stable  and  have 
extremely  low  dielectric  losses.  Properly  engineered 
and  processed.  Type  TS  capacitors  have  remarkable 
characteristics. 

A  typical  example  is  Type  TSG103-3.  This  is  an 
.01  mfd.  3000VDC  capacitor  in  a  Glassmike  style 
container  29/32"  OD  x  2*/^"  long.  The  DC  resist¬ 
ance  is  in  excess  of  100,000  megohms  at  150°C.  The 
dissipation  factor  at  one  megacycle  is  .0005  at  70°  C 
and  .001  at  150°C.  At  60  cycles,  the  dissipation 
factor  is  as  low  as  .0002  —  .0003. 

The  temperature  coefficient  of  Type  TS  is  nega¬ 
tive,  300—400  parts  per  million  per  degree  Centi¬ 
grade. 

We  recommend  Type  TS  capacitors  for  ultra  high 
temperature  DC  applications  and  for  RF  bypassing 
and  coupling  duty. 


Type  TS  capacitors  properly  designed  for  pulse 
operation  have  many  advantages  over  paper  and 
mica  capacitors.  Type  TS  can  operate  at  much  higher 
ambient  temperatures  (150°C  and  up)  but  have 
much  lower  losses.  The  Type  TS  dielectric  combina¬ 
tion  does  not  fatigue  under  pulse  duty.  PLASTI¬ 
CON  networks  are  smaller  and  lighter. 

Plasticon  TS  Pulse  Forming  Networks  are  de¬ 
signed  to  meet  your  specifications. 


^ondMser  products  {^^ompany 

1375  NORTH*  BRANCH  STREET  •  CHICAGO  72,  ILLINOIS 
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NEW  PRODUCTS 

(continued  from  p  130) 


pressure  of  about  6  grams  and 
cover  a  range  from  40  cycles  to  over 
10  kc. 

Fidelity  Pickup 

Shure  Brothers,  Inc.,  225  W.  Hu¬ 
ron  St,,  Chicago  10,  Ill.  The 
900MG  crystal  phonograph  pickup 
for  microgroove  records  provides 
high-fidelity  reproduction.  It  tracks 
at  7  grams,  has  a  needle  force  of 


I  9  grams,  uses  an  offset  osmium- 
!  tipped  needle  with  a  0.001-inch 
I  point  radius  and  has  an  output  of 
i  1  volt. 


i  High'Q  Chokes 

Chicago  Transformer,  3501  W. 
Addison  Blvd.,  Chicago,  Ill.  De¬ 
signed  specifically  for  use  in  dy- 
I  namic  noise  suppressor  circuits,  the 
NSI-1  and  NSI-2  reactors  can  be 
used  in  any  tuned  circuits  requir¬ 
ing  the  given  inductances.  Induct- 


We  look  for  trouble  in  our  coils— :  before  they’re  built! 
Before  a  Wheeler  coil  is  started,  its  xomponent  parts  must 
be  checked,  tested,  proved  to  be  faidtless. 

The  wire  wound  into  Wheeler  coils  is  no  exception.  It  is 
closely  inspeaed  by  experts  —  micrometer  checks  are  made 
regularly  to  insure  its  uniformity.  Only  by  following  engi¬ 
neering-practices  proved  over  a  long  period  of  time  can  we 
be  sure  our  coils  will  give  the  service  and  performance  ex¬ 
pected  of  them. 

Wheeler  coils  —  wound  with  Wheeler  Magnet  Wire  —  are 
rapidly  becoming  standard  for  the  electrical  industry.  Inves¬ 
tigate  them  today.  They  may  be  the  answer  to  your  elearical 
coil  problems. 

THE  WHEELER  INSULAnD  WIRE  CO.,  iNC. 


W  WNEtlEI 


OtPENOABIllTY 


DIVISION  OF  THE  SPERRY  CORPORATION 

1011  WASHINGTON  AVENUE 
BRIDGEPORT  4,  CONNECTICUT 

MAONET  WIRE  •  COILS  •  COMMUNICATIONS  EQUIPMENT 
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To  study  the  simultaneous 
characteristics  of  any  device 


beams.  The  Type  5SP-  does  not  produce  a 


split  electron  beam.  Rather  it  presents  two 


separate  traces  on  the  screen.  Intensifier 


electrodes  are  used  for  high  light  output 


at  maximum  deflection  sensitivities.  Type 


5SP-  is  also  available  with  any  of  four  dif¬ 


ferent  screen  phosphors. 
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And  please  remember  this:  The  Du  Mont 
Type  5SP-  is  the  only  dual-gun  cathode-ray 
tube  registered  with  the  Radio  Manufac¬ 
turers  Association. 


Details  on  request. 


^  Both  the  concomitant  electrical  and/ 
or  mechanical  characteristics  of  a  piece  of 
equipment  may  be  conveniently  examined 
and  recorded  with  a  Du  Mont  Type  5SP- 
Dual-beam  Cathode-ray  Ibbe.  Especially 
so  if  used  with  a  Du  Mont  Type  279  Dual¬ 
beam  Cathode-ray  Oscillograph. 

For  example:  You  can  compare  speed 
and  vibration,  velocity  and  acceleration. 
You  can  observe  transient  voltage  and  cur¬ 
rent;  the  input  and  output  signals  of  am¬ 
plifiers;  related  phenomena  on  different 
sweep  frequencies;  or  again  the  complete 
signal  and  an  expanded  portion  thereof. 
And  for  ease  of  recording,  there  is  also 
available  the  Du  Mont  Itype  314  Oscillo¬ 
graph-record  Camera. 

Indeed,  the  IVpe  5SP-  is  an  unique  cath¬ 
ode-ray  tube  since  it  embodies  two  com¬ 
plete  and  independent  electron  guns  and 
deflection  plate  assemblies  for  the  produc¬ 
tion  of  two  entirely  separate  electron 

O  ALLEN  B.  DU  MONT  LABORATORIES,  INC. 


ALLEN  B  DU  MONT  L  A  B  O  R  AT  O  R  I  E  S,  '  I  N  C  ,  PASSAIC,  N  J 
CABLE  ADDRESS  ALBEEDU,  NEW  YORK,  N  Y.,  US  A, 


NEW  PRODUCTS  (continued) 

ance  values,  2.4  and  0.8  henrys  re¬ 
spectively,  are  accurate  within  ±5 
percent  with  up  to  15  ma  d-c.  Units 
have  a  minimum  Q  of  20. 


Servo  Tester 

Servo  Corp.  of  America,  2020  Jeri¬ 
cho  Turnpike,  New  Hyde  Park, 
N.  Y.  The  Servoscope  is  the  first  of 


QUESIION  MARKS 


were  pglitt  work! 


by  the  successful 
design  and  production  of 
Elinco  instrument- type  fraction 
L  al  h.p.  motors  and  generators 
^^^^that  met  special 

needs. 


a  line  of  design  instrument  aids  for 
the  servomechanisms  engineer.  It 
furnishes  continuous  performance 
data  so  that  frequency  response  can 
be  plotted  and  transient  character¬ 
istics  deduced  in  a  few  minutes. 
Rapid  measurements  are  furnished 
of  frequency-versus-amplitude  at¬ 
tenuation  and  phase  shift. 


Yes,  every  finished  Elinco  motor  or  gen¬ 
erator  was  born  of  a  question  mark. 
There  was  a  job  to  be  done  .  .  .  could 
Elinco  engineer  and  produce  o  special 
unit' to  do  the  job?  The  answer  is  in  the 
over  100,000  special  Elinco  units,  success¬ 
fully  designed  to  the  most  exacting  speci¬ 
fications,  and  now  serving  in  practically 
every  type  and  branch  of  industry.  Spe¬ 
cial  design  is  our  business  .  .  .  not  low- 
cost,  mass-production  motors  .  .  .  but  spe¬ 
cial  high-precision  instruments  demanding 
the  highest  engineering  ability,  and  ex¬ 
ceptional  manufacturing  skill  ond  care. 


Audio-Frequency  Meter 

General  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39,  Mass. 
Discontinued  during  the  war  years, 


there  are  over 


type  1141-A  audio-frequency  meter 
is  again  available.  Using  a  null 
method,  accuracy  of  the  bridge  is 
0.5  percent.  Because  it  uses  a  Wien 
bridge  circuit,  the  instrument  can 
be  used  as  an  adjustable-frequency 
filter  over  its  range  from  20  to  20,- 
000  cycles. 


Basic  Models  of  Elinco  Fractional  H.  P. 
Instrument-Type  Motors  and  Generators 


Units  are  produced  to  order,  either  by  the 
design  of  a  new  model  to  meet  your  exact 
requirements,  or  by  the  adaptation  of  one 
of  our  over  300  basic  units  in  order  to 
meet  your  needs,  either  electrically  or 
physically. 


Tripod  Dolly  • 

Radio  Corp.  of  America,  Camden, 
N.  J.  Type  MI-26042  portable 
chrome-finished  dolly  may  be  used 


ELECTRIC  INDICATOR  CO 

PARKER  AVENUE,  STAMFORD,  CONN 
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THE^ BOTH HAl/E n 


RADIO  KECi;i*'I  OK  €Oilll»/\I\Y,  lixc. 

Since«f922  in  Radio  and  £/e<#ronic»  ^ 


Since«f922  in  Radio  and  £le<troni€i 

251  WIST  19TH  STREET.  NEW  YORK  11,  N.  Y. 


SELENIUM  RECTIFIERS 


The  football  star  who  eludes  the 
players  of  the  rival  team  and  sends 
the  pigskins  hurtling  down  the  field  to 
a  goal  has  ''the  extra  something  that 
spells  top  performance." 

For  outstanding  service  in  every 
rectifier  application  specify  Seletron 
Selenium  Rectifiers.  They  have  the 
"extra  something"  that  spells  top 
performance. 


MINIATURE  SELETRON  RECTIFIERS 


From  the  large  power  stacks  to  the 
miniature  units  for  radio  and  tele¬ 
vision,  Seletron  uniformity  and  pre¬ 
cision  methods  of  manufacture,  in¬ 
sures  user  satisfaction.  Efficient — 
dependable,  durable  under  the  sever¬ 
est  service  conditions. 


SPECIFY  SELETRON 
MINIATURE  SELENIUM  RECTIFIERS 
FOR  RADIO  AND  TELEVISION  APPLICATIONS 


The  complete  family  of  miniature  Seletron  Rectifiers  is  de¬ 
signed  for  use  on  a  nominal  115  A-C  line,  to  provide  direct 
current  for  radio,  television  sets,  amplifiers,  and  other  low 
power  applications.  Instant  starting,  small  size,  long  life  and 
simplicity  of  instollation  are  a  few  of  many  features  of  the 
Seletron  Family. 

CODE  NUMBER  5L1  5M1  5P1  5R1  5Q1 

Current  Rating  75  ma.  100  ma.  150  ma.  200  ma.  250  ma. 
Plate  Height  1"  1"  liV"  I'/z"  Vh" 

Plate  Width  T't"  1"  1A"  1'i"  lli" 


Furnished  in  a  wide  variety  of  volt 
ages  and  currents  to  meet  the  indi 
vidual  requirements. 


Write  today  for  catalog.  Address  Dept.  ES-11 
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NEW  PRODUCTS 


(continued) 


SWEEP  CALIIRATOR 

This  verutile 


_  source 

timinc  markers 

these  r^uisites 
for  accurate 
frequency  measure- 
ments  an 
scope: 

Positive  and  negative  markers  at  0.1,  O.S, 
1.0,  10,  and  100  microseconds  •  Marker 
amplitude  variable  to  50  volts  •  Gate 
having  variable  width  and  amplitude  for 
blanking  or  timing  •  Trigger  generator 
with  positive  and  negative  outputs. 
Further  details  in  Bulletin  MC-811 


both  for  field-type  and  studio  tele¬ 
vision  tripods.  It  can  be  locked  in 
a  fixed  position  by  means  of  spring- 
loaded  stop-feet. 


HERE'S  PERFORMANCE 
to  satisfy  the  man  who  knows 
radio  .  .  .  provable  by  both 
instrument  and  listening  tests. 

CHECK  THESE  CURVES 
and  you’ll  see  why  Browning 
Tuners  are  chosen  by  those 
who  insist  upon  the  best. 


Cabinet  Racks 

Eclipse  Mfg.  Co.  Inc.,  294  East 
137th  St.,  New  York  54,  N.  Y.  A 
new  line  of  six  cabinet  racks  is 
available  with  panel  heights  rang- 


This  is  the  new  Model  RJ-20 
FM-AM  Tuner  .  .  .  designed  for 
high-fidelity  reception  on  both  FM 
and  AM,  and  built  to  meet  your 
highest  performance  requirements. 
Its  features  include: 

•  Armstrong  FM  circuit  for 
maximum  noise  reduction  and 
full  frequency  response  to 
15,000  cycles. 

•  Separate  RF  and  IF  systems 
for  FM  and  AM  ...  no  coil 
switching. 

•  Variable  bandwidth  IF  gives 
AM  bandwidths  from  9  kc.  to 
4  kc. 

•  Two-stage  audio  system  al¬ 
lows  20  db.  boost  in  bass  or 
treble  range. 

•  New  6AL7  tuning  eye  for  pre¬ 
cise  tuning  on  strong  or  weak 
FM  stations. 

•  Self-contained  power  supply. 

See,  hear,  and  handle  this  new 
Browning  Tuner  .  .  .  and  enjoy 
new  satisfaction  in  your  radio  and 
music  reproduction.  ^  ^0 

Write  today  for 

Data  Sheet  MT-811  mm  it 


ing  from  81  to  35  inches.  Mount¬ 
ing  holes  are  tapped  for  10-32 
screws  with  standard  or  amateur 
hole  spacing. 


To  feed  a  separate  high-Melity 
audio  system,  use  the  Browning 
RJ-I2A  for  FM/AM  or  the 
Browning  RV-10  for  straight  FM. 
They’re  all  "tops”  in  the  high- 
fidelity  field. 


Mobile  Equipment 

Communications  Co.,  Inc.,  300 
Greco  Ave.,  Coral  Gables,  Florida. 
Model  275-C  radiotelephone  equip¬ 
ment  is  designed  for  mobile  applica¬ 
tions  in  the  emergency  service.s 
operating  in  the  152  to  162-mc  f-m 
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Ooe  of  a  series  cf  messages  to^elp  you  increase  your  understanding  of  business  paper  advertising,  and  its  ejject  on  your  job. 


You  know  more 
about  advertising 
than  you  think ! 


IF  YOU  UNDERSTAND  the  basic  prin¬ 
ciples  of  mass  production  — 

If  you’re  on  familiar  ground  when 
it  comes  to  time-motion  studies, 
obsolescence  curves,  and  assembly¬ 
line  techniques  — 

If  you  regard  every  operation  in 
your  plant  as  a  challenge  to  further 
reduce  your  manufacturing  cost-per- 
unit  — 

Then  you  know  a  lot  more  about 
advertising  than  you  think.  Yes, 
advertising! 

For  basically,  advertising  is  the  ap¬ 
plication  of  assembly-line  techniques 


to  the  manufacture  of  a  sale.  And  how 
are  sales  manufactured?  Like  any 
other  commodity,  by  sequence  of 
“processing  operations.”  In  this  case 
they  include  — 

1.  Seeking  out  prospects 

2.  .4rousing  their  interest 

3.  Creating  a  preference  for 

your  product 

4.  Making  a  specific  proposal 

5.  Closing  the  order 

Couldn’t  your  salesmen  handle  this 
entire  sequence?  Certainly  —  if  you 
had  enough  salesmen,  and  weren’t 
concerned  about  the  cost.  But  no 


salesman  should  have  to  spend  his 
valuable  time  on  missionary  work. 
Not  when  those  first  three  steps  can 
be  mechanized  for  him  —  not  when 
they  can  be  handled  so  much  more 
economically  —  through  the  efficient 
use  of  business^  paper  advertising. 

Why  business  papers?  Because  no¬ 
where  does  your  advertising  work 
more  efficiently  than  in  the  business 
publications  which  reach  your  best 
prospects.  Nowhere  else  can  “mech¬ 
anized  selling”  contribute  so  much 
toward  reducing  the  cost  of  manufac¬ 
turing  a  sale! 


ELECTRONICS 

>( 

is  a  member  of  The  Associated  Business  Papers,  who  have  published 
an  interesting  folder  entitled,  “10  ways  to  measure  advertising 
effectiveness.*’  We’ll  be  glad  to  send  you  a  copy.  And  if  you’d  like 
reprints  of  this  advertisement  (or  the  entire  series)  to  pass  along  to 
others  in  your  organization,  just  say  the  word. 


ELECTRONICS  —  November,  1948 


187 


w 


Vltuiot 

tuitt 


m 


STAH0W0_fJP 


'>'■  ■  ■  ,-‘-‘;i^-^'"'.>. 


NEW  PRODUCTS 


(continued) 


band  and  is  also  available  for  other 
f-m  services  operating  above  30 
me.  The  unit  weighs  20  pounds, 
has  a  transmitter  power  output  of 
8  to  10  watts,  a  battery  drain  of  6 
amperes  standby,  and  13  amperes 
when  transmitting.  Audio  output 
from  receiver  is  over  1  watt. 

Deflection  Cores 

Henry  L.  Crowley  &  Co.,  Inc.,  1 
Central  Ave.,  West  Orange,  N.  J. 
A  two-piece  frame  and  center  slug 


For  Inverting  D.  C.  fo  A.  C.  •  •  • 

Specially  Designed  for  operating  A.  C.  Radios, 
Television  Sets,  Amplifiers,  Address  Systems,  and 
Radio  Test  Equipment  from  D.  C.  Voltages  in 
Vehicles,  Ships,  Trains,  Planes  and  in  D.C.  Districts. 


©  ■ 

AUTO  RADIO 

VIBRATORS 


N«w  AAedult 


A  Compluto  LAw  of  VArofera  .  .  . 
D«tign«d  for  Um  in  Stondord  Vibrolor* 
Oporotod  Aufo  Radio  Rocoivors.  BviH 
wMi  ProcUon  Construction,  foaturing 
Coromic  Sfocic  Spocors  for  Longor  Lofting 
Ufo.  - - 


"A”  BAmRY 
ELIMINATORS 


Now  AAodols 


Pw  DEMONSTRATING  AND  TESTING 
AUTO  RADIOS 

Now  Modoft .  .  .  Dosignod  for  Tosting 
D.  C  Boctrical  Apparatus  on  Regular 
A.  C  Linos.  Equipped  with  Full  •  Wove 
Dry  Disc  Type  Rectifier,  Assuring  Noise- 
leu,  Interference* Free  Operation  and 
Extreme  Long  Life  and  Reliability. 


American  Television  i  Radio  Co. 

CluaUtcf  T^'toeCucti 

SAINT  PAUL  1,  MINNESOTA-U.  S.  A 


assembly  of  powdered  iron  is  being 
made  for  television  receiver  deflec¬ 
tion  transformers.  Effective  a-c 
permeabilities  in  the  order  of  40  to 
230  are  attainable.  Hum  noise  is 
low  as  compared  with  that  pro¬ 
duced  in  laminated  core  structures. 

Bridge  Amplifier 

Ruge-de  Forest,  76  Massachusetts 
Ave.,  Cambridge,  Mass.  The  new 
deflection-type  amplifier  is  de¬ 
signed  for  use  with  resistance 
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bridges  ranging  in  impedance  from 
100  to  500  ohms  and  having  a  full- 
scale  output  as  small  as  25  micro¬ 
volts  per  volt  of  input  to  the  bridge, 
or  as  large  as  5  millivolts  per  volt. 
Output  is  18  volts  across  an  external 
1500-ohm  load  with  a  linearity  of 
0.5  percent.  Frequency  response  is 
fiat  to  percent  from  0  to  50 
cycles  when  working  into  a  resistive 
load. 


Electrical  Insulation 

Johns-Manville,  22  E  40th  St., 
New  York  16,  N.  Y.  An  asbestos- 
base,  completely  inorganic  electrical 


insulation,  Quinterra  was  designed 
for  use  where  high  temperatures 
are  encountered  since  it  retains  its 
dielectric  strength  of  over  250  volts 
per  mil.  It  has  already  been  used 
as  wire  insulation  in  transformers. 


Equalizer  ^ 

Brociner  Electronics  Labora¬ 
tory,  1546  Second  Ave.,  New  York 
28,  N.  Y.  Model  A65  amplifier  and 


companion  model  P6-300  d-c  power 
supply  provide  a  means  of  compen¬ 
sating  magnetic  phonograph  pick¬ 
ups  to  various  recording  character¬ 
istics.  Turnover  frequencies  of 
300,  500,  and  800  cycles  are  accom¬ 
modated. 


F-M  Transceiver 

Doolittle  Radio,  Inc.,  7421  South 
Loomis  Blvd.,  Chicago  36^.111.  The 
PJZ-1  portable  f-m  transmitter 
and  receiver  with  quarterwave  tele¬ 
scopic  antenna  is  designed  for  op¬ 
eration  on  a  single  frequency  in  the 
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An  Important  Statement 
by 


MYCALEX 

CORPORATION  OF  AMERICA 


An  explanation  of  the  properties  and 
advantages  of  Mycalex  (glass  bonded 
mica)  410,  Mycalex  400,  and  Mycalex 
K  are  given  on  the  opposite  page. 

Your  attention  is  also  called  to  the 
Mycalex  410  advertisement  which 
appeared  on  pages  54  and  55  of  the 
October  1948  issue  of  Electronics. 


Constant  research,  improved  technics, 
advances  in  the  art,  new,  modem  plant 
expansion,  improved  engineering,  more 
efficient  manufacturing  equipment- 
now  permit  us  to  make  available  iri 
increased  quantities— Mycalex  410— 
molded— at  prices  comparable  to  other 
less  efficient  molded  insulations. 


MYCALEX  410  is  now  priced 
to  meet  rigid  economy  requirements 


Any  interest  evidenced  on  your  part 
in  Mycalex  products  and  services— will 
receive  the  prompt,  courteous  and 
intelligent  attention  of  a  competent 
Mycalex  sales  engineer.  He  will  receive 
the  fullest  backing  and  cooperation  from 
other  factory  executives  —  to  serve  you 
promptly  —  with  a  quality 
product  and  at  an  econom¬ 
ical  and  fair  price. 


I9I 
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Adaptability  is  a  prime  advcmtage  you  gain  by  using 
S.S. White  flexible  shafts  to  couple  variable  elements  to  their 
control  knobs  or  dials. 

The  example  above  shows  why.  The  flexible  shaft 
coupling  permits  you  to  position  both  the  condenser  and 
its  control  knob  independently  of  each  other.  Likewise,  the 
flexible  shaft  that  transmits  the  movement  of  the  tuning  con¬ 
trol  shaft  through  a  worm  gear  to  the  indicating  dial  makes 
it  possible  to  place  the  dial  where  desired. 

This  adaptability  of  ports  provided  by  S.S.White  flexible 
shafts  greatly  simplifies  the  problem  of  satisfying  such 
design  requirements  as  circuit  efficiency,  easy  assembly, 
wiring  and  servicing. 

S.S.White  remote  control  flexible  shafts  come  in  a  wide 
range  of  sizes  and  characteristics  and  can  be  supplied  in  any 
required  length.  Specially  designed  for  remote  control  they 
are  positive,  sensitive  and  jump-free  in  operation. 


GET  DETAILS  IN  THIS  FLEXIBLE  SHAFT  HANDBOOK 
Yon  can  get  a  free  copy  of  tkis  informative  260-pafe  book  on 
flexible  tkaft  application  and  (election  by  writing  to  us  on 
yonr  bniinest  letterkead  and  mentioning  your  position. 


S.S.WHITB 


THI  S.  S.  WNITI  DINTAL  MFO.  CO. 


INDUSTRIAL 


DIVISION 


DIPT.  C  10  lAST  40(b  ST..  NIW  TORK  10.  N.  Y.^ 

fUllMf  tNAftf  •  HIXIMf  UUkft  lOOII  •  AltCIAfT  ACCfItOtIff 
MMkU  CVTTtWA  •tNlMWA  tOOflt  •  tMCIM  BODMMA  BVttCBft 

MOiMA  mnton  •  nAtnc  wKiAinB  •  comwaci  PiAtncs  flflonwit 

Oh€o^  j4mvUceCt  AAA4  ^ttdf(4CUat 


30  to  44-mc  band.  Power  output  of 
the  transmitter  is  i  watt,  obtained 
from  two  2-volt  storage  batteries. 
The  receiver  has  a  li-jiv  sensitivity 
for  20-db  silencing,  and  selectivity 
is  85  db  down  at  100  kc  and  40  db 
dowm  at  40  kc. 


Colorimeter 

Brociner-Mass  Instruments,  Inc., 
1546  Second  Ave.,  New  York  28, 
N.  Y.  The  Clinical  Analyzer  is  a 


photoelectric  colorimeter  calibrated 
for  60  clinical  determinations.  The 
instrument  uses  test  tubes  17  and 
11  mm  in  diameter.  Five  filters  in 
a  revolving  disc  permit  quick  selec- 
'  tion. 


Klystron  Oscillators 

Radio  Corp.  of  America,  Harrison, 
N.  J.,  announces  the  2K26  (illus¬ 
trated)  and  2K56  klystron  oscil¬ 
lators  of  the  single-resonator,  reflex 
type  intended  primarily  for  use  as 
local  oscillators  in  microwave  re¬ 
ceivers.  The  2K26  is  designed  for 
operation  in  the  6,250  to  7,060-mc 


Now  Magna  vox  produces  over  100  diflferent  method  of  line  assembly  used  is  new  and  different. 

speaker  models  exclusively  for  the  manufac-  And  the  innovations  measure  up!  World-famous 
turing  trade.  From  start  to  finish  they  are  researched,  Magna  vox  speakers  now  are  coming  off  the  line  at 
designed  and  produced  by  engineers  whose  sole  a  greatly  accelerated  pace. 

business  is  the  making  of  better  loud  speakers  . . .  All  the  skill  and  experience  Magnavox  has 
whose  complete  plant  facilities  are  constructed  amassed  in  thirty-three  years  of  service  to  the  radio 

specially  for  the  quickest,  most  efficient  manufacture  industry  combine  with  a  complete  line  of  quality 

of  quality  loud  speakers!  speakers  to  make  this  modern  new  plant  loud 

The  modem  2*/4-acre  Magnavox  Paducah  factory  speaker  headquarters!  Write  for  catalog  today, 
is  a  model  of  engineering  achievement.  Everything  The  Magnavox  Company,  Sales  and  Engineering 
from  the  building  itself  to  the  equipment  and  Offices,  Components  Division,  Ft. Wayne  4,  Indiana. 

Magnavox  is  the  oldest  and  largest  producer  of  quality  loud  speakers 

Magnavox 

has  served  the  radio  industry  for  over  33  years 

SPEAKERS  •  CAPACITORS  •  SOLENOIDS  •  ELECTRONIC  EQUIPMENT 
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range,  and  the  2K56  m  the  range 
from  3,840  to  4,460  me.  Both  have 
a  useful  power  output  in  the  f'rder 
of  100  milliwatts. 


faster  •  more  economical  •  more  efficient 

Alpha  Tri-Core  rosin-filled  solder — with  3  cores  in¬ 
stead  of  1 — gives  you  three  times  the  "performance  ‘ 

insurance”  you  get  from  ordinary  solder.  The  simple  \ 

facts  are:  You  get  more  for  your  money  with  Alpha  \ 

Tri-Core  rosin-filled  solder  —  more  speed !  More  •  f 

operations  per  pound !  More  operations  per  hour!  In  V 

addition,  Tri-Core  permits  the  use  of  lower-tin-con-  i  / 

tent  alloys  w/z/f  superior  soldering  results  to  that 
obtained  from  ordinary  solders  with  5-13%  more 
tin.  Can  you — can  any  manufacturer — afford  to  over- 
look  such  outright  savings  these  days.’  Write  for 
samples  or  trial  order  and  put  Alpha  through  your 
own  tests  in  your  own  shop.  It  is  the  accepted  solder 
by  over  70%  of  electronic  equipment  manufacturers. 

MORE  FOR  YOUR  MONEY  WITH  ALPHA 
TBI.CO«E  ROSIN-FILLED  SOLDER 

•  3  cores  of  flux  instead  of  1  —at  no  extra  cost! 

•  Even  distribution  of  flux  throughout ...  no 

yO  fluxless  oreas! 

\  (  *22%  more  joints  per  pound  of  solder! 

^  ^  •  25  %  more  joints  per  hour  of  soldering  time! 

\  \  y  •No  high-resistance  joints!  No  inspection  re* 

^  \NV^  jects!  No  returns! 

*99.9%  pure,  water-white  rosin  used  ex- 

•  No  toxic  fumes!  Preferred  by  solderers 

SOLDER  SPECIALISTS  everywhere! 

FOR  OVER  58  YEARS  •  Absolutely  non-corrosive;  non-hydroscopic 

- mjmm— — — ^  flux  residue  is  glass-like  in  hardness  and 

non-conductive! 


other  ALPHA  PRODUCTS  include: 

TRl  C0R£"'ENERGI2ED*R08il»-nLLED  SOLDER; 
TRt  CORE  *'i£AK-PRUF”  ACID-fILLED  SOLDER. 
SOLID  SOLDER  WIRE;  PREFORMS  (rosin  sod 
•Gid'filiedl;  BAR  SOit^.  ANODES  AND  FOIL. 


HA  METALS,  INC  ,  371  HUDSON  AVENUE,  BROOKLYN  1,  NEW  YORK 


Remote  Amplifier 

Radio  Corp.  of  America,  Camden, 
N.  J.,  has  announced  a  lightweight, 
portable  remote  amplifier  designed 


to  provide  high-fidelity  audio  pick¬ 
up  for  a-m  and  f-m  broadcasts.  The 
3-channel  amplifier,  type  BN-2A, 
has  built-in  power  supply  for  use 
with  standard  11 6- volt,  60-cycle 
outlets,  but  may  also  be  battery- 
operated.  Each  channel  offers  an 
overall  gain  of  92.5  db. 

Electrolytic  Capacitors 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  Type  KP 
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NEW  PRODUCTS  (ContinMMi) 

electrolytic  capacitors  designed  for 
electronic  and  communipations 
equipment  are  available  in  two  and 
three-lug  terminal  assemblies.  Two- 
lug  units  can  be  had  from  15  micro¬ 
farads  at  100  working  volts  to  80 
microfarads  at  450  working  volts; 
three-lug  terminals  are  suitable  for 
either  dual  or  triple  capacitance 
units.  Write  for  bulletin  123. 


T-F  Analyzer 

Fairchild  Camera  and’  Instru 
MENT  CORP.,  88-06  Van  Wyck  Blvd., 
Jamaica  1,  N.  Y.  The  transfer  func- 


nge 

lave 

•der 


tion  analyzer  has  been  designed  for 
measuring  the  performance  char¬ 
acteristics  of  servo  systems.  By 
means  of  the  equipment,  amplitude 
and  phase  of  servos  using  signal 
frequencies  between  50  and  800 
cycles  can  be  checked.  It  can  also 
be  modified  for  use  with  d-c  sys¬ 
tems. 


THE  "MARINERS'  PATHFINDER 


RADAR 

represents  pioneering  in  the  field 

of  navigation  by  the  Raytheon  Manufacturing  Co.  and  in  the  field  of 
timing  by  Haydon  Manufacturing.  The  development  of  equipment 
components  enabling  today's  ships  to  sail  safely  and  on  schedule 
in  all  weather  is  typical  of  Haydon's  pioneering  in  the  science  of  timing. 
Knowing  that  any  equipment  is  only  as  good  as  its  components, 
Raytheon  relies  on  the  quality  of  Haydon  timers  for  dependable 
radar  operation.  In  one  model,  a  5901  series  time  delay  relay  pro¬ 
tects  a  magnetron  tube  by  providing  a  3  minute  interval  for  tube 
warm-up  prior  to  application  of  plate  voltage.  In  another  a  Haydon 
timer  provides  a  5  second  delay  to  allow  a  motor  generator  to  attain 
operating  speed.  A  third  delays  operation  of  rectifier  tubes  45  seconds. 
In  each  instance  engineering  by  Haydon  and  Raytheon  is  coupled  to 
insure  dependable  operation. 

For  thoroughly  reliable  timing  devices,  take  time  to  talk  time  with 
Haydon.  See  the  Haydon  insert  in  Sweet's  File  for  Product  Designers, 
or  write  for  your  own  copy  of  the  complete  Engineering  Catalog. 
An  experience  field  representative  will  be  pleased  to  discuss  your 
requirements  and  demonstrate  Haydon  timing  at  your  desk. 

*  "Mariners'  Pathfinder"  is  the  trademark  of  Raytheon  Manufactur¬ 
ing  Co.,  denoting  its  commercial  search  radar. 

WRITE  2411  ELM  STREET,  TORRINGTON,  CONNECTICUT 


Laboratory  Power  Supply 

W.  Green  Electric  Co.,  Inc.,  130 
Cedar  St.,  New  York  6,  N.  Y.  The 
MRl  Multi-Rectifier  power  supply 
was  produced  to  meet  the  need  for  a 
high-amperage  laboratory  unit.  It 


TORRINGTON 

HARNESS  TIMt  TO 

NEW  PRODUCTS  (ceiitinM«4) 

is  designed  for  operation  from  220 
or  440  volt,  three-phase  a-c,  and  haa 
a  flexible  d-c  output.  Output  volt¬ 
age  ripple  content  is  about  5  per¬ 
cent. 


Studio-Type  Ribbon  Mike 

Amperite  Co.,  Inc.,  661  Broadway, 
New  York  12,  N.  Y.  Frequency 
range  of  the  new  studio  ribbon  mi- 


gives  you  g|l 
these  advantages 


A  combination  you  don’t  get 
with  other  air-shipping  methods 


crophone  models  R80L  &  R80H  is 
40  to  14,000  cps;  output  is  —66  db; 
harmonic  distortion,  less  than  1 
percent;  discrimination  with  angle 
is  60  to  10,000  cycles.  The  unit  is 
available  in  200  ohms  output,  also 
in  high  impedance. 


Special 'pick-up  and  delivery  at  no  extra  cost.  Your 
shiiMaents  are  picked  up  promptly  when  you  call; 
fast  delivery  to  consignee’s  door. 


You  get  a  receipt  for  every  shipment,  and  delivery  is 
proved  by  signature  of  consignee.  One-carrier  re¬ 
sponsibility.  Complete  security. 


D-C  Amplifier 

Millivac  Instruments,  Box  3027, 
New  Haven,  Conn.  Model  DCA- 
1026  d-c  amplifier  has  a  0  to  10 
millivolt  d-c  input  and  26  v,  1-milli- 


I  Assured  protection,  too — valuation  coverage  up  to 
$50  without  extra  charge;  10  cents  for  each  additional 
^  $100  or  fraction  thereof. 


These  advantages,  plus  21  others,  make  Air  Express  the 
beet  and  fastest  way  to  ship.  Your  shipments  go  on  every 
flight  of  the  Scheduled  Airlines — repair  parts,  equipment, 
finished  items  keep  moving  to  where  they’re  needed.  Reach 
any  UJ3.  point  in  hours.  Phone  local  Air  Express  Division, 
Railway  Express  Agency,  for  fast  shipping  action.  Specify 
“Air  Express’’  on  orders  for  quickest  delivery. 


FACTS  on  low  Air  Express  rates 

22  lbs.  machine  parts  goes  700  miles  for  $4.73. 

10  Ibe.  printed  matter  goes  1000  mUes  for  $3.31. 
30-lb.  carton  of  new  fashions  goes  500  miles  for  $4.61. 
Same  day  delivery  in  all  these  cases  if  you  ship  early. 


ampere  or  6-volt  3-milliampere  d-c 
output.  Its  applications  are  the 
same  as  those  of  the  model  MV-17A 
device  but  it  can  be  used  with  either 
delicate  or  coarse  output  meters. 
Adjustable  gain  is  included.  A  bro¬ 
chure  gives  further  details. 


Rates  Incivd*  pick-up  and  daliuory  door 
to  door  in  aii  principai  towns  and  cities 


Selenium  Cell 

International  Rectiher  Corp., 
6809  South  Victoria  Ave.,  Los 
Angeles  43,  Calif.  The  new  type  H 
selenium  cells  illustrated  have  a 


AIR  EXPRESS.  A  SERVICE  OF  RAILWAY  EXPRESS  AGENCY  AND  THE 

SCHEDULED  AIRLINES  OF  THEU.S. 
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maximum  reverse  voltage  of  24  v 
rms  with  current  ratings  from  6  to 
20  amperes  depending  upoh  the  type 
of  connection.  Forward  drop  is 
about  1  volt.  A  brochure  is  avail¬ 
able. 


10  4  db/tl«p. 

lin«ar  allpnuation 
with  d«t*nt.  2%"  di- 
am«t«r,  214"  d«plh. 


BRIDGED 

ATTENUATOR 

Type  420-2B2 


20  steps,  2  db/slep. 
Linear  attenuation  with 
off  position  and  detent. 
2%"  diameter,  2V4" 
depth. 


Miniature  Controls 
Daven  Go.,  191  Central  Ave.,  New¬ 
ark,  N.  J.  A  new  line  of  attenuators 
with  decreased  dimensions  is  now  in 
production.  They  are  designed  for 
use  in  equipment  in  which  mount¬ 
ing  space  is  limited  and  have  the 
same  mechanical  and  electrical  con¬ 
struction  as  former  units. 


LIST  PIICE 


POTENTIOMETER 

Type  C720-2A3 


Speech  Clipper  ^ 

Electro- Voice,  Inc.,  Buchanan, 
Mich.  Model  1000  Speech  Clipper 


20  stops,  2  db/stop, 
taporod  on  last  thro* 
stops  to  off,  composi¬ 
tion  rosistors.  1  %"  di- 
amotor,  1  Vo"  dopth. 


SHALLCROSS 

ATTENUATORS 


These  Shallcross  Features 
Mean  Better  Performance- 
Better  Value! 


Shallcross  variable  attenuators  have  proved 
their  remarkable  quietness  and  service¬ 
ability  in  dozens  of  applkotions  for  lead¬ 
ing  users  in  all  parts  of  the  world.  Such 
important  details  as  the  use  of  spring- 
temper  silver  alloy  wiper  arms,  silver  alloy 
collector  rings  and  contacts,  non-inductive 
precision  resistors,  and  sturdy,  substantial 
mountiog  plates  have  made  possible  the 
high  standard  of  performance  attributed 
to  Shallcross. 

Standard  types  include  ladder  and  bridged 
T  mixer  controls,  bridged  T  and  straight  T 
master  gain  controls  ond  V.U.  meter  multi¬ 
pliers,  wirewound  and  composition  potenti¬ 
ometers  for  grid  control.  Cueing  attenuo- 
tors,  and  fixed  pads,  both  composition  and 
wirewound,  in  all  circuit  configurations  are 
also  available. 

Write  for  Catalog  and  Attonuator  Spocifieation  Sheet 

SHALLCROSS  MANUFACTURING  COMPANY 

Deportment'E-l  1  ACeMngdale,  ffe. 


Off  position  attenuation  well  in  excess 
of  100  db. 

25%  to  50%  fewer  soldered  joints. 

Noise  level  ratings  that  are  factual. 
(130  db.  or  more  below  zero  level.) 

Non-inductive  Shallcross  precision  re¬ 
sistors  used  throughout  assure  flat  at¬ 
tenuation  to  and  beyond  30  kc. 

Types  and  sizes  engineered  for  all 
needs.  Attenuation  accuracies  of  1  %, 
Resistor  accurocies  of  0.1%,  on  special 
order. 


is  a  peak  limiting  preamplifier  that 
clips  the  tops  and  bottoms  from 
speech  frequencies  which  rise 
above  a  preset  amplitude,  to  pro¬ 
vide  higher  articulation  for  com¬ 
munication  services.  Frequency  re¬ 
sponse  of  the  unit  is  from  200  to 
3,000  cycles.  Clipping  is  from  3  to 
20  db. 


Fidelity  Speaker 

Racon  Electric  Co.,  Inc.,  52  East 

19th  St.,  New  York,  N.  Y.  The  Cel- 


cs 
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IROTIEI 

SrECIAl  BT 
PROCIEBSIVE 


Thft  Typ*  1$A  VHP  Navigational 
Recaiving  Eqwipmant  (illustrated) 
provides  for  reception  on  the  new 
Omni-Directional  Ranges  as  well  as 
operation  on  both  types  of  VHF 
Runway  Localizers,  and  the  VHF 
Visual-Aural  Airways  Ranges. 
Simultaneous  voice  feature  is  includ¬ 
ed  on  these  ranges.  The  tunable 
A.R.C  Receiver  permits  selection  of 
any  VHF  aircraft  frequency. 


Airborn*  Equipment  tort 
OMNI-DUiaiONAl  RANGfS 
RUNWAY  LOCALIZERS 
VISUAL-AURAl  RANGES 
SIMULTANEOUS  VOICE 
GCA  VOICE  RECEPTION 


Th*  A.R.C.  iyp«  17  or  A.R.C.iyp« 

It  is  the  companion  communica¬ 
tion  equipment  normally  asso¬ 
ciated  with  the  Type  15A.  The 
Type  17  VHF  Communication 
Equipment  adds  independent 
two-way  VHF  communication  fa¬ 
cilities.  The  Type  18  adds  VHF 
Transmitting  Equipment  only.  All 
Type  17  and  18  units  are  type- 
certificated  by  the  CAA. 


Tha  dapandability  and  pnrformanea  of  thasa  VHF  Com¬ 
munication  and  Navigation  Systamt  ipaH$  incruasad  eafaty 
in  flight.  Spaeify  A.R.C.  for  your  next  inttallation. 


-American 

Beautif 


ELECTRIC  SOLDERING 
IRONS 

are  sturdily  buih  for  the 
hard  usage  of  industrial 
service.  Hove  plug 
type  tips  and  are  con¬ 
structed  on  the  unit 
system  with  each 
vital  part,  such  as 
heating  element, 
easily  removable 
and  replace- 
In 

from  50 
watts  to 
.  watts. 


TEMPERATURE  ^1 

REGUUTING  ^ 

STAND  a 

This  it  a  thermo- 
statically  con- 
trolled  device  for  B 

the  regulation  of  ■ 

the  temperature  1 

of  on  electric  soldering 
iron.  When  placed  on 
and  connected  to  this 
stand,  iron  may  be  main¬ 
tained  at  working  tem¬ 
perature  or  through  ad¬ 
justment  on  bottom  of 
stand  at  low  or  worm 
temperatures. 


/jircraff  ^adio  (orporation 

BOONTON,  NEW  JERSEY 

DEPENDABLE  ELECTRONIC  EQUIPMENT  SINCE  1928 


AMERICAN  ELECTRICAL 
HEATER  COMPANY 

DETROIT  7,  MICH.>  U.  S.  A. 
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NCW  PRODUCTS 


(continued) 


lular  Grand  has  a  new  type  cellular 
horn  with  horizontal  distribution 
angle  of  120  degrees  and  vertical 
distribution  of  60  degrees.  A  re¬ 
sistive-capacitive  filter  network  is 
included.  Frequency  range  is  50  to 
12,000  cycles. 

Street  Lighting  Control 

Fisher-Pierce  Ck).,  iNC.,  Boston  21, 
Mass,  announces  the  series  63300 


photoelectric  street  lighting  con¬ 
trol  with  a  capacity  of  3,000  watts 
of  incandescent  lamp  load.  Models 
are  available  for  both  120  and  230 
volts,  50-60  cycles.  Standard  turn¬ 
on  adjustment  is  0.5  foot-candle 
with  turn-off  at  1.25  foot-candles. 

N. 

Interval  Timer 

Haydon  Mfg.  Co.,  Inc.,  Torrington, 
Conn.  A  new  multipurpose  interval 


j;  V’fe 


St^uui<^'lcU^e 


(XH 


Oftcf 


Now,  ONE  crystal  holder  will 
cover  your  requirements  for  tele¬ 
vision  and  frequency  rfiodulation 
transmission  RH-7  hermetically 
sealed  crystal  units  offer  a  fre¬ 
quency  range  from  1  to  75mc,  to 
tolerances  as  close  as  •  .0002%. 
Space-saving,  easily  installed  and 
replaced,  RH-7  crystals  will  fit  all 
circuits.  Two  pin  sizes  or  wire 
leads  are  available. 


timer  is  now  available  in  the  8006 
series.  Several  different  models  in 
the  series  are  used  for  varying  ap¬ 
plications  such  as  multiple  sequence 
switching. 


Portable  Picture  Monitor 

POLARAD  Electronics  Co.,  9  Ferry 
St.,  New  York  7,  N.  Y.  Model  102- 


Why  not  standardize  now, 
on  just  ONE! 


HOFFMAN 


CORPORATION 

CHERRY  AND  NORTH  STREETS  •  CARLISLE,  PA. 
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The  NEW  General  Electric 
Variable  Reluctance  Cartridge, 
for  Long'  Playing  Records 


Specifically  designed  for  the  new  long  playing 
records  •  .  .  high  compliance  ;  .  .  low  mass 
stylus  assembly 

Equipped  with  1  mil  tip  radius  sapphire  stylus 
Can  be  used  with  standard  G-£  preamplifiers 
Place  your  order  today! 

General  Electric  Company,  Electronics  Park, 
Syracuse,  New  York 


GENERAL 


MPS  portable  television  picture 
monitor  has  a  maximum  resolution 
in  excess  of  500  lines  and  employs  a 
7-inch  electromagnetic  deflection 
picture  tube.  The  equipment  oper¬ 
ates*  with  a  minimum  video  input 
signal  1  volt  peak-to-peak. 

Line  Match  Indicator 

i 

1  Aeronautical  Communications 
Equipment,  Inc.,  3090  Douglas 
Road,  Miami,  Florida.  Model 


ELECTRIC 


500  illustrated  is  a  device  for  aiding 
adjustment  of  load  for  optimum  line 
match  at  frequencies  from  0.2  to  2 
me,  or  2  to  20  me.  Model  LMI-72  is 
used  for  coaxial  lines  at  frequencies 
between  0.2  and  10  me. 

Rotary  Beam  Calculator 

Gordon  Specialties  Co.,  542  S. 
Dearborn  St.,  Chicago  5,  Ill.  Di¬ 
mensions  for  various  types  of  beam 
antennas  to  operate  in  the  region 
between  10  and  30  megacycles  can 
be  found  quickly  with  a  new  calcu¬ 
lator.  Values  for  capacitance  and 
inductance  required  for  resonance 
between  5  and  60  me  are  given, 
along  with  other  information  such 
as  length  of  supporting  boom  re¬ 
quired  for  various  arrays.  Price 
direct  is  $1.60  which  includes  post¬ 
age. 

Cable  Reel 

Industrial  Electrical  Works,. 
1509  Chicago  St.,  Omaha  2,  Ne- 
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Transducers 

Kollsman  Instrument  Division, 
8(M)8  45th  Ave.,  Elmhurst,  N.  Y. 
Important  in  flight  testing  and  con¬ 


trol  applications  for  pilotless  air¬ 
craft  the  new,  small  transducers, 
one  of  which  is  illustrated,  provide 
means  of  obtaining  electrical  sig¬ 
nals  that  are  functions  of  air  speed, 
altitude,  differential  pressure,  and  i 
gage  pressure. 

Dynamic  Micrometer 

Electro  Products  Laboratories, 
Inc.,  549  W.  Randolph  St.,  Chicago 
6,  Ill.,  has  developed  a  dynamic  mi- 


/  '!§§  . . .  the  end  result  of  C*T  metallurgy 

M  ... 

§  jJM  teamed  with  the  engineering  ingenuity 

/  ■§§  of  Radiation  Counter  Laboratories,  Inc. 

j  /  ml  The  Geiger  Muller  counter*  is  no 
/  ml  stranger  to  the  electronics  engineer.  Its 
/  '§  !  sensitivity  is  beyond  the  realm  of  mathe- 

/  ■  jll  matical  definition.  But  not  so  well-known 
/  9!  are  the  difficulties  encountered  in  producing 
/  m!  a  tube  that  is  as  sturdy  as  it  is  sensitive. 

/  mm  And  that  is  where  we,  as  metallurgical 
/ ;  mm  specialists,  have  been  of  more  than  usual 
/  ■•mm  assistance  to  design  enginwrs. 

If  you  use  components  of  tungsten, 
molybdenum,  silver,  platinum, 
palladium  or  alloys  of  these 
metals  consult  with  our 

^BJ  engineers.  Conceivably,  ^B^B  J _ 

Hv  from  the  wealth  of  our 
^  experience  we  may  be 

able  to  help  you  produce  your 
product  more  economically. 

Catalog  No.  136  on  request.  | 


Tube  Components 


Calliti  Tungsten  Corporation 

544  Thirty-ninth  St..  Union  City,  N.  J. 

*  \ 

* Manufadured  by  the  well-known  Radiation 
Counter  Laboratories,  Inc.  of  Chicago. 


Hard  giai*  loads,  wolds,  twngston  and 
molybdonuffl.wiro.rod,  shoot,  formod 
ports,  and  othor  matorials  for  incon- 
dotconi  lamps  and  oloctronic  tubos. 


NIW  niODUCTS 


(cMrtiwMd) 


braska.  With  a  capacity  of  800  feet 
of  i-inch  four-conductor  cable,  or 
equivalent,  the  Powereel  illustrated 
can  be  used  for  all  t}rpes  of  cables. 

Each  reel  has  either  three  or  four  j 
collector  rings  of  beryllium  copper  { 
with  double  contact  copper  brushes. 
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3Ka  KW 

VACUUM  TUBE 

BOMBARDER 

or 

INDUaiON 

HEATING  UNIT 


TOLERANCE:  STANDARD  I  % 


ItT 

11  ’  ^ 

m 

Mi] 

for  the  New  LP  Records 


The  GRAY  TRANSCRIPTION  ARM  103-LP,  with  Selected  GE  Variable 
Reductance  Cartridge  with  1  mil  Diamond  Stylus,  has  been  especially 
designed  for  use  with  the  new  LP  Micro-Groove  Records.  Due  to  such 
features  as  odjustoble  stylus  pressure,  frictionless  motion,  self-leveling 
bose  and  the  accommodation  of  ony  standard  cartridge,  arm  obsoles¬ 
cence  is  precluded.  Arm,  with  1  mil  Diamond  Stylus  Cartridge,  $77.95. 

The  GRAY  #601  4-position  EQUALIZER  for  GE  Cartridge,  finest 
performance  and  workmanship,  ideal  response  curves.  Adopted  by  radio 
networks.  Matches  pickup  to  microphone  channel.  Complete,  $49.50. 

Inquiries  inrited  for  derelopment  and  manufacturing. 

GRAY  RESEARCH  &  DEVELOPMENT  COMPANY,  Inc. 


16  ARBOR  STRICT 


HARTFORD  1,  CONN. 


1056  COMMERCE  AYL,  UNION,  N.  I. 


Division  of 


“S"  CORRUGATED  QUENCHED  GAP  CO 

105-119  Monroe  S».,  Garfield,  N.  J. 


Vl  WAH 
INDUCTIVE 


1  WATT 
INDUCTIVE 


Only  $975 


Economical  In  Cost 

IN-RES-CO  WL  aeries  resistors 
were  designed  to  meet  increasing 
demands  for  a  compact  resistor 
of  high  accuracy  priced  for  gen¬ 
eral  use.  They  meet  the  most 
critical  requirements — close  tol¬ 
erance,  ability  to  withstand  over¬ 
load,  long  life.  Write  today  for 
catalog  describirq;  tha  full  line  of 
quality  IN-RES-CO  resistors. 


Operates  from  220  volt  line.  Complete  with 
foot  switch  and  one  heating  coil  mad#  to  cus¬ 
tomer's  requirements.  Send  samples  of  work 
wanted.  We  will  advise  time  cycle  required 
for  your  particular  job.  Cost,  complete,  only 
$975.  Immediate  delivery. 


Scientific  Electric  Electronic  Heaters  ore  mode 
in  the  following  ronges  of  power:  1-2-3-5-7 Vi- 
10-1 2 1i-1 5-1  S-25-40-«0-«0-1 00-250.  KW. 


MAX.  KES:  .01  to  7,500  ohm  (331  Alloy) 
.01  to  4,000  ohm  INichrome) 
.01  to  1.250  ohm  IMongonin) 

BODY  SIZE:  */•"  Ig.  by  3/16"  diom. 


MAX.  RES:  .01  to  15,009  obm  (331  Alloy) 
.01  to  Q.OOO  ohm  (Nichrome) 
.01  to  2,500  ohm  IMongonin) 
BODY  SIZE:  1"  ig.  by  3/16"  diom. 
TOLERANCE:  STANDARD  1  % 


Con  be  supplied  non  •  inductive  with 
one-hojl  indicoted  maximum  resistance. 


Never  before  o  value  like  this  3Vi  KW  bom- 
border  or  high  frequency  induction  heater  .  .  . 
for  saving  time  and  money  in  surface  harden¬ 
ing,  brazing,  soldering,  annealing  and  many 
other  heat  treating  operations.  Is 


Portable  .  .  .  mounted  on  tour  rubber 
coosten.  Width  14Vi";  depth  27"; 
height  42  Vi";  weight  300#. 
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crometer  for  measuring  movement, 
radial  displacement,  or  vibration  of 
any  part  made 'of  ferrous  material. 
Displacement  is  read  in  tenths  of  a 
thousandth  of  an  inch  and  accu¬ 
racy  is  the  same  for  a  static  condi¬ 
tion  as  for  a  dynamic  condition 
corresponding  to  speeds  up  to  200,- 
000  rpm.  Total  weight  is  27  pounds. 


Wavenieter  , 

Simpson  Electric  Co.,  5218  West 
Kinzie  St.,  Chicago  44,  Ill.  Model 


EqtiippHi  with  ctmvtmient  slidt- 
l0ck  sunuhftr  •peratMM. 


Eqmipptd  ipi$h  kmilt-im  pmth~ 
to-tmlk  rtlmy  turitch  mnd  cMt. 


380  wavemeter  is  a  pocket-size  in¬ 
strument  for  use  by  amateurs, 
ships,  police  radio,  and  similar  serv¬ 
ices.  Provision  is  also  made  for 
checking  percentage  of  modulation. 
Separate  coils  are  provided  for  the 
10  to  80-meter  amateur  bands.  A 
2-foot  antenna  is  furnished  to  be 
plugged  into  a  jack  on  the  instru¬ 
ment.  Frequencies  as  high  as  420 
megacycles  can  be  checked. 


High  performance  at  low  cost 


On  every  count  the  new  Turner  Model  20X  has  won  the  vote 
of  users.  Response  to  voice  and  music  pickups  is  smooth  and 
even  over  a  desired  range  of  frequencies.  Output  level  is  re¬ 
markably  high.  Engineered  for  dependable  service  indoors  or 
out  with  high  quality  moisture  sealed  crystal  circuit.  Light  in 
weight,  natural  to  hold,  and  most  convenient  to  use.  It  is 
equipped  with  hook  ring  for  hanging.  Attractive  case  is  fin¬ 
ished  in  rich  baked  brown  enamel.  And  the  price,  complete 
with  7  ft.  coble  is  exceptionally  low. 

Writ9  for  Compfoto  Microphone  Utoratoro 

THE  TURNER  COMPANY 

905  17th  Street  N.  E.  Cedar  Rapids,  Iowa  / 

Crystab  lictiiMC  yiidw  patty ts  ol  tlia  Brujlt  Davttooyiayt  Co.  _  /fc 


Flexible  Waveguide 

Airtron,  Inc.,  650  Bloomingdale 
Road,  Staten  Island,  N.  Y.  A  new 
type  of  convoluted  bellows  electro- 


counter  will  count  alpha  particles 
in  the  presence  of  a  strong  beta 
background.  Unit  consists  of  a 
methane  flow  proportional  counter, 
high-gain  amplifier,  scaler  (256 
to  1),  impulse  recorder,  and  vari¬ 
able  high-voltage  supply. 


Phone  Plug 

SWITCHCRAFT,  Inc.,  1328  N.  Hal- 
sted  St.,  Chicago  22,  Ill.  The  Little- 


Hovwnbtr,  ELECTRONICS 


Plug  illustrated  features  a  sleeve 
terminal  that  can  be  clamped  over 
the  metal  braid  of  shielded  wire 
cables  to  form  both  mechanical 
anchor  and  electrical  connection.  If 
the  terminal  is  used  only  for  me¬ 
chanical  anchorage  an  extra  lug  can 
be  used  for  connection  to  the  sleeve 
of  the  plug. 


Blowers 


Johnson  Fan  &  Blower  Corp., 
1319  W.  Lake  St.,  Chicago  7,  Ill. 
Type  5CB  centrifugal  fans  have  a 
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plated  flexible  waveguide  is  now 
available  having  an  electrical  im¬ 
pedance  matching  that  of  rigid 
waveguide.  Sizes  down  to  that  re¬ 
quired  for  1  cm  can  be  supplied. 


Alpha  Counter 


Instrument  Development  Labo¬ 
ratories,  Inc.,  223  West  Erie  St., 
Chicago  10,  Ill.  Model  117  alpha 


Priced  at 
$7.50 


CHARACTERISTICS 


Ovtrall  length  . 4-1/8  inches 

Active  length  .^..*,...2-3/4  inches 

Shell  diometer  . 3/4  inches 

Absorption . 30  mgrn/cm^ 

Operating  voltage . 900  volts 

(center  of  plateau) 

Plateau  length . 200  volts 

Plateau  slope . 3%  /  100  volts 

Temperature  range. .  .5*  C.  to  70*  C. 
Life . 10”  counts 


*THYRODE 

A  Vktoreen  trademark  for  radiation 
counter  tubes 


Victoreen  radiation  measuring  instruments  for  labora¬ 
tory  and  field  determinations  together  with  such  com¬ 
ponents  as  the  VX  series  subminiature  electrometer 
tubes,  vacuum  sealed  hi-meg  resistors  and  G-M  counter 
tubes  have  made  notable  contributions  to  the  present 
refinement  of  radiation  instrumentation. 


wuxmeen 


5806  Hough  Avenue 
Cleveland  3,  Ohio 


NCW  PRODUCTS  (contiiiiMd) 

wheel  diameter  of  5  inches.  Various 
sizes  of  motors  and  different  fan 
combinations  can  be  furnished  for 
many  applications  in  cooling  elec¬ 
trical  and  electronic  equipment. 


Multiple  Control  Unit 

Weltronic  Co.,  19446  W.  Eight 
Mile  Road,  Detroit  19,  Mich.  Model 
312KS2,  a  3-phase  multiple  control 
combination,  has  a  remote  control 


relay  timer  which  provides  a  vari¬ 
ety  of  multiple  welding  sequences 
with  independent  dial  adjustment 
of  weld  time  on  each  phase.  Auto¬ 
matic  control  circuit  protection  is 
incorporated.  Write  for  detailed 
information  on  standard  and  sup¬ 
plementary  equipment.  ^ 


Plug-Tip  Soldering  Iron 

Hexagon  Electric  Co.,  130  W. 
Clay  Ave.,  Roselle  Park,  N.  J. 


Model  P212  electric  soldering  iron 
is  rated  at  200  watts  with  a  half¬ 
inch  diameter  tip. 

Literature _ 

C-R  Tube  Primer.  Allen  B. 
DuMont  Labs.,  Inc.,  1000  Main 
Ave.,  Clifton,  N.  J.  A  63-page 
manual  presents  an  excellent  non¬ 
technical  discussion  o^'the  cath¬ 
ode-ray  tube  and  its  functions. 
The  book  is  available  without  cost 
to  anyone  professionally  engaged 
in  electronics  or  teaching  the  sub- 
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HE  problem  of  meeting  new  power  and 
frequency  requirements  in  communica¬ 
tions  systems,  with  minimum  obsolescence, 
is  solved  by  the  Telepak  line  of  transmit¬ 
ting  equipment,  the  latest  achievement  in 
this  field  by  Radio  Receptor. 

Telepak  consists  of  a  basic  frame  sup¬ 
porting  a  series  of  separately  and  easily 

removable  units  or  cells  of  standard  construction,  varying  in  height 
according  to  power  requirements.  These  unit  assemblies  are  housed  in 
standard  cabinets,  as  illustrated. 

Any  cell  may  be  easily  removed  to  permit  servicing  or  replacement 
by  a  new  unit  of  different  function  or  frequency.  This  adaptability 
offers  another  advantage  as  it  permits  the  combination  of  units  of  all 
ratings  in  a  single  installation.  Units  are  available  in  power  output 
ratings  varying  from  500  watts  to  3  kilowatts. 

Remote  control  elements  are  also  on  the  unit  cell  basis,  and  are 
capable  of  expansion  along  with  other  elements  in  the  system. 

It  will  pay  you  to  look  into  the  many  exclusive  features  of  Telepak, 
Radio  Receptor's  new  transmitting  system  that  enables  you  to  keep  in 
step  with  Progress. 

Write  for  the  new  Telepak  Handbook  containing  infornta- 
tion  of  value  to  every  engineer.  Addrets  Department  C-10 


Communications  Division 


4^  KAIMO  IIBI  KI'TOII  (  OMI'AXY.  IX« . 

Since  1922  in  Radio  and  Eleefronict 
251  WEST  19th  STREET  •  NEW  YORK  11,  N.  Y. 


THE  NO.  92105 


"SSSR” 


Single  Sideband  Selector 

Th*  No.  92105  i*  dotignod  to  pormif 
Singlo  Sidoband  Soloetien  with  oxitting 
rocoivort.  Full  lochnicol  dotoilt  in  April 
1941  QST.  Froducod  in  co-oporotion 
ond  undor  oxclusivo  U.  S.  palont  liconso 
(2,364,863  and  othor*)  with  Iho  J.  L.  A. 
McLaughlin  Rosoarch  Laboralerios. 


MAIN  OFFICE  AND  FACTORY 


MALDEN 


MASSACHUSETTS 


JAMES  MILLEN 
MFG.  CO.,  INC. 


92  05 


NEW  PRODUCTS  (continued) 

ject,  and  others  may  obtain  it  at 
50  cents  per  copy,  or  at  $2.50  in 
lots  of  a  dozen. 

I  Data  Handling  Systems.  Tele- 

I  register  Laboratories,  157  Cham¬ 
bers  St.,  New  York  7,  N.  Y.  The 
engineering  services  available  for 
teleregister  systems  covering 
everything  from  parimutual  total¬ 
izers  to  inventory  and  production 
control  are  described  and  repre¬ 
sentative  equipment  is  illustrated 
in  a  24-page  booklet. 

Motor  Speed  Control.  Servo¬ 
mechanisms  Inc.,  Mineola,  N.  Y. 
The  new  motor  speed  control 
SC104  provides  a  speed  range  of 
40  to  1  for  armature  output  of 
5,000  rpm  maximum.  Torque- 
versus-speed  curves  are  given  in 
a  page  descriptive  sheet. 

Connector  Catalog.  American 
Phenolic  Corp.,  Chicago  50,  Ill. 
Catalog  A-1  on  AN  connectors  and 
fittings  for  power,  signal,  and  con¬ 
trol  circuits,  lists  thousands  of 
sizes  and  graphically  illustrates 
the  different  types  of  shells  and 
insert  arrangements  available  for 
each.  Dimensions  and  electrical 
data  are  shown  in  detail. 

I  Magnetic  Tape  Recorders.  Ampex 
Electric  Corp.,  681  Fifth  Ave., 
New  York  22,  N.  Y.  An  8-page 
booklet  describes  and  illustrates 
chief  features  of  the  model  200-A 
magnetic  tape  recorder.  The  unit 
has  already  been  tested  on  contin¬ 
uous  commercial  network  opera-  j 
tion.  i 

Tube  Information.  Radio  Corp.  of  j 
America,  Harrison,  N.  J.  Techni-  I 
cal  data  on  types  6BA7  and  12BA7 
pentagrid  converters  has  been 
published,  as  well  as  application 
notes  on  receiver  sensitivity  meas¬ 
urements  at  high  frequencies,  ^nd  i 
a  brochure  on  improved  arrange-  j 
ment  of  base  pin  connections  in 
new  miniatures. 

Attenuator  Pad.  Weinschel  Engi¬ 
neering  Co.,  123  William  St.,  New 
York  7,  N.  Y.,  has  issued  a  folder 
describing  the  model  50-L/p-x 
coaxial  attenuator  pad  with  atten- 


TRACING  CLOTH 
0  for 

HARD  PENCILS 


•  Imperial  Pencil  Tracing  Cloth  has 
the  same  superbl)r  uniform  cloth  foun¬ 
dation  and  transparency  as  the  world 
fomous  Imperial  Tracing  Cloth.  But 
it  is  distinguished  by  its  speciol  dull 
drawing  surface,  on  which  hard  pen¬ 
cils  can  be  used,  giving  clean,  sharp, 
opaque,  non-smudging  lines. 

Erasures  are  made  easily,  without  . 
domoge.  It  gives  shorp,  contrasting  ‘ 
prints  of  the  finest  lines.  It  rwsists 
the  effects  of  time  and  wear,  and 
does  not  become  brittle  or  opaque. 

Imperial  Pencil  Tracing  Cloth  is 
right  for  ink  drawings  as  well. 


SOLO  RY  LIAOmO  STATIONBIY  AND 
DIAWVra  MATHUAl  DIALKS  IVHYWHmt. 
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uation  between  5  and  25  db  and  a 
50-ohm  characteristic  impe;dance. 
Specifications  are  included. 


Tube  Data.  General  Electronics, 
Inc.,  101  Hazel  St.,  Paterson,  N.  J. 
A  recently  issued  folder  gives 
technical  data  for  a  large  line  of 
transmitting  tubes,  rectifiers  and 
vacuum  capacitors.  Prices  are 
also  listed. 


/  Sisai  Fibres 


Reiniorced  with  tough 


Recording  Wire.  Fidelitone  Inc., 
1616  Devon  Ave.,  Chicago  26,  Ill. 
Bulletin  No.  9  gives  informative 
and  semitechnical  data  comparing 
the  0.004  and  0.0036-inch  diameter 
wire  for  magnetic  wire  recording. 


TELEVISION  AND  RADIO  STUDIOS,  TESTING  ROOMS. 
INDUSTRIAL  LABORATORIES,  AND  DIATHERMY.  RADAR 
AND  ELECTRONIC  EQUIPMENT 


Electrical  Insulation.  Insulation 
Manufacturers  Corp.,  565  West 
Washington  Blvd.,  Chicago  6,  Ill. 
Outstanding  features  of  the  Die- 
fiex  varnished  tubings  or  sleevings 
are  set  forth  on  two  sides  of  a 
sheet.  A  variety  of  grades  and 
sizes  of  the  products  may  be 
obtained. 


The  success  of  COPPER  ARMORED  SISALKRAFT 
for  shielding  during  the  past  decade  suggest^,  that  you  might 
find  this  reinforced  "elearo  sheet  copper”  product  practical 
for  rooms  and  large  enclosures  or  equipment  requirmg  elec¬ 
trostatic  shielding. 

SISALKRAFT  engineers  do  not  presume  to  be  authorities  on 
this  complex  subjea.  We  shall  be  glad  to  cooperate,  however, 
on  the  basis  of  experience  gained  in  such  installations  as: 

Stelnmetz  Hall,  New  York  •  Hollywood  Television  Studio  of  Don  Lee 
WBKB  Radio  Station,  Chicago  •  Sentinel  Television  Testing  Rooms 
Com  Products  Company’s  Argo  Laboratory  •  Delco  Radio  Sets 
CBS  Radio  Testing  Laboratories 

. , .  and  other  applications  that  indicate  the  merit  of  COPPER 
ARMORED  SISALKRAFT  in  these  and  allied  fields. 

COPPER  ARMORED  SISALKRAFT  is  available  in  1-oz.,  2-oz., 
and  3-oz.  weights,  in  rolls  T'  to  60"  wide.  Reasonable  cost .  .  . 
as  low  as  $9.75  per  100  square  feet.  Send  for  samples. 


Radio  Link  Equipment.  Federal 
Telecommunication  Laboratories, 
Inc.,  67  Broad  St.,  New  York  4, 
N.  Y.  Special  features,  illustra¬ 
tion  and  general  description,  and 
technical  characteristics  of  a  vari¬ 
ety  of  radio  link  equipment,  a  mon¬ 
itor,  and  dummy  load  are  treated 
in  five  loose-leaf  folders  now  avail¬ 
able. 


Quartz  Crystals.  Reeves-Hoffman 
Corp.,  Carlisle,  Pa.  Bulletin 
RHC-X  covers  an  assortment  of 
crystal  units  ranging  from  50  kc 
to  100  me.  Ordering  instructions 
are  included. 


Automatic  Controls.  Leeds  & 
Northrop  Co.,  4934  Stenton  Ave., 
Philadelphia  44,  Pa.,  has  issued  a 
newly-revised,  40-page  catalog  on 
position-adjusting  and  electrically- 
actuated  control  equipment.  Both 
Micromax  and  Speedomax  instru¬ 
ments  are  listed.  Ask  for  catalog 
ND4A(1). 


A  Product  of* . . 

THE  SISALKRAFT  CO.,  Chicago  6  •  New  York  17  •  San  Francisco  5 


^P^rti*  SISALKRAFT  Co.,  205  W.  Wacker  Drlvo,  0*pt.  E-2,  Chicago  6,  III. 

Pleaso  send  samples  of  Q  One-Ounces  Q  Two-Ounces  Q  Tluee-Ounce  COPPER 
ARMORED  SISALKRAFT.  The  use  I  contemplate  involves  (describe  briefly) 


Tube  Catalog.  Amperex  Electronic 
Corp.,  25  Washington  St.,  Brook¬ 
lyn  1,  N.  Y.  The  new  296-page 
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JACKS 


Nickel-ploled  heavy 
gauge  steel  frame 


Nickel  Silver 
springs 


Silver  contacts 


Nickel-plated 
brass  sleeve 
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catalog  covers  a  line  of  electronic 
tubes  for  communications,  indus¬ 
trial,  amateur,  and  electromedical 
uses.  Contents  are  grouped  under 
four  headings:  air-cooled  power 
tubes,  water  and  forced-air  cooled 
power  tubes,  rectifier  tubes,  and 
vacuum  capacitors.  Full  data  are 
given  on  each  tube.  A  formal  re¬ 
quest  to  Amperex  will  bring  your 
copy  to  you. 


Magnetic  Sub-Assemblies.  Gen¬ 
eral  Electric  Co.,  Chemical  Dept., 
Pittsfield,  Mass.  Booklet  CDM-16 
describes  and  illustrates  a  line  of 
permanent  magnet  sub-assembliei 
for  engineering  and  production 
economy.  Ordering  instructions 
are  included. 


Sound  Products  Catalog.  Radio 
Corp.  of  America,  Engineering 
Products  Department,  Camden,  N. 
J.  Catalog  218P  lists  in  84  pages  a 
complete  line  of  sound  equipment. 
Concise  descriptions  of  each  model 
include  such  information  as  spe¬ 
cial  features,  uses,  specifications, 
photographs  and  diagrams. 


^  Now  you  get 
ALL  THESE  BENEFITS 


Electrical  Tapes.  Minnesota  Min¬ 
ing  &  Mfg.  Co.,  900  Fauquier 
Ave.,  St.  Paul  6,  Minn.,  announces 
a  new  24-page  two-color  catalog 
describing  39  Scotch  brand  electri¬ 
cal  tapes.  Tape  properties  are 
listed  and  eighty-six  applications 
illustrated. 


The  new  streamlined  design  of  ADC 
Jacks  uses  heavier  gauge  metal  (or  greater 
strength.  The  frame  is  die-formed  and 
press-welded  for  utmost  rigidity  and 
dimensional  accuracy. 

Silver-alloy  contacts  and  genuine 
Nickel  Silver  springs  guarantee  corro¬ 
sion  resistance,  even  under  the  most 
humid  conditions. 

All  the  vay  through,  the  new  ADC  is  a 
better  jack!  If  you  require  top  quality 
and  precision-made  components,  ADC 
Jacks  merit  your  first  consideration. 


Radioteletype  Ctmverter.  George 
J.  Maki,  Radiotelegraph  Engineer¬ 
ing,  Moraga,  Calif.  Description, 
block  and  circuit  diagrams,  and 
specifications  of  the  model  RC-55 
frequency-shift  radioteletype  con¬ 
verter  may  be  found  in  a  new  book¬ 
let. 


Vacuum  Measurement.  George  E. 
Fredericks  Co.,  Bethayres,  Pa., 
has  available  a  new  28-page  book¬ 
let  on  vacuum  measurement.  Writ¬ 
ten  in  nontechnical  language,  it 
is  intended  for  the  layman  inter¬ 
ested  in  the  proper  selection  and 
use  of  vacuum  gages  for  industrial 
processes. 


See  Your  Jobber 
or  write  today  for 
ADC  CATALOG 
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GIVE  TOUR  FAMILY 
THIS  GIFT  OF  A  LIFETIME 

Ajv  ALTEC  LANSING 


CORPORATION 

1  523  E.  45TH  STREET,  CIEVELAND  3,  OHIO 


NEWS  OF  THE  INDUSTRY 
(coatimiwl  from  p  IM) 


TaloTising  cockpit  mockup  of  P2V  Noptune 
during  Ncnry  flight  trcdning  locturo.  Studio 
has  two  GE  cameras  like  this  and  two 
DuMont  cameras 


.STABILIZED  CRYSTALS 
TO  MEET  EVERY  NEED 

Whatever  your  crystal  needs,  James 
Knights  Co.  is  equipped  to  satisfy  them 
qui^y  and  economically. 

To  effect  greater  savings  for  you  on 
short  runs,  a  special  production  system 
has  been  established. 

We  are  also  equipped  to  quickly 
build  "Stabiliaed”  crystals  to  your  ex¬ 
act  specifications.  In  addition,  James 
Knights  Co.  fabricates  a  complete  line 
of  "Stabilized”  crystals  to  meet  every 
ordinary  need — precision  built  by  the 
most  modern  methods  and  equipment. 

For  quality — speed — economy,  con¬ 
tact  the  James -Knights  Co.  You’ll  be 
glad  you  did ! 

titw  Jamts  Knights  Catalog  On  Request 


vision  receivers  of  various  types 
will  be  used  under  a  variety  of  con¬ 
ditions  and  with  screen  sizes  rang¬ 
ing  from  that  of  a  10-inch  tube  on 
up  to  that  projected  onto  a  9  by  12- 
foot  screen.  Also  under  investiga¬ 
tion  will  be  methods  of  instruction 
best  adapted  to  the  television  me¬ 
dium  and  the  design  of  the  idea!  tele¬ 
vision  classroom.  Tryouts  of  talk- 
back  circuits  are  contemplated,  so 
that  students  anywhere  in  widely 
scattered  classrooms  can  ask  ques¬ 
tions  of  the  instructor  during  or 
after  a  lecture. 


Advantages  of  Television 

With  television,  lectures  by  the 
Navy’s  best  instructors  can  be  pre¬ 
sented  to  as  many  students  as  desir¬ 
able,  all  at  one  time.  During  emer¬ 
gencies  or  accelerated  wartime 
training  programs,  increased  utiliz¬ 
ation  of  top  notch  men  would  justify 
holding  them  for  training  purposes, 
where  they  can  do  more  good  than 
on  combat  assignments. 

Lectures  and  demonstrations  of 
newly  developed  devices  can  be  pre¬ 
sented  immediately  by  television, 
with  no  passing  on  of  training  from 
one  instructor  to  another.  If  neces¬ 
sary,  the  pilot  model  itself  can  be 
used  for  demonstration.  Since  only 
one  demonstration  device  is  needed, 
more  money  can  be  spent  on  its 
development  and  construction.  Se¬ 
curity  can  be  maintained  by  guard¬ 
ing  coaxial  terminal  points  and  by 
scrambling  the  r-f  signal,  where 
necessary. 

Television  training  gives  every 
student  a  front-row  seat,  where  he 
can  see  every  movement  of  the  in- 


THE  ONLY  BROAD  BANDED^ 
HIGH  GAIN,  STACKED  ARRAY 
ON  THE  MARKET 


Many  times  more  sensitive  for  TV 
reception  in  fringe  areas  and  poor 
signal  locations,  the  WARD  TVS-6 
STACKED  ARRAY  achieves  maxi¬ 
mum  forward  gain  by  stacking  two 
high  gain  folded  dipoles  and  reflectors 
with  effective  Vi  wave  spacing  rather 
than  the  ordinary  Vs  or  V^  wave  which 
materially  reduces  sensitivity.  THE 
ONLY  STACKED  ARRAY  ON 
THE  MARKET  THAT  IS  BROAD 
BANDED,  it  will  give  excellent  re¬ 
sults  with  MANY  CHANNELS 
where  others  are  too  selective.  The 
advanced  engineering  and  PRE¬ 
ASSEMBLED  design  of  the  WARD 
TVS-6  is  only  one  of  the  reasons  why 
WARD  is  the  largest  exclusive  man¬ 
ufacturer  of  antennas  in  the  world. 
See  any  leading  parts  distributor  or 
write  for  caulog. 


A  university  physicist  wanted  a  2"  super¬ 
sonic  X-cut  crysul.  The  James  Knights 
Company  made  it  promptly,  and  has  since 
delivered  many  other  special  crystals  for 
the  same  university. 


^  l0IEi  RIIMITI  ^ 


iLllNOti 
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Save  Time... Speed  Assembly 
with  CTC  ALL- SET  Boards! 


On  the  assembly  line  and  in  the 
laboratory,  CTC  ALL-SET  Boards 
are  valuable  time-savers. 

With  Type  1658  Turret  Lugs,  a 
new  board  now  offers  mounting  for 
miniature  components.  1  1/16' 
wide,  3/32'  thick,  only.  (Type 
X1401E.) 

With  Type  1724  Turret  Lugs, 
boards  come  in  four  widths: 

2',  2H',  3'  — in  3/32',  H", 
3/16'  thicknesses. 

With  the  addition  of  the  new 
miniature  board,  CTC  ALL-SET 
Boards  now  cover  the  entire  range 
of  components. 

All  boards  are  of  laminated 
phenolic,  in  five-se<^ion  units, 
scribed  for  easy  separation.  Each 
section  drilled  for  14  lugs.  Lugs 
solidly  swaged  into  precise  position 
. . .  whole  board  ready  for  your 
assembly  line. 

SPECIAL  PROBLEMS 

Custom-built  boards  are  a  spe¬ 
cialty  with  CTC.  We’re  equipped 
to  handle  many  types  of  materials 
including  the  latest  types  of  glass 
laminates  . . .  many  types  of  jobs 
requiring  special  tools  .  .  .  and  all 
types  of  work  to  government  spec-- 
ihcations.  Why  not  drop  us  a  line 
about  your  problem?  No  obligation, 
of  course.  • 


I 

I  Turret  Split  Short 

logs 

Double  End  Terminal 

Swoger  Board 

fjr  ///rntr/r/u/ 

T//  r  ta/t  A'ff/ 


IM 


PILOT  LIGHT 
ASSEMBLIES 


PIN  SERIES— Designed  for 
NE-51  Neon  Lamp 

Features 

•  THE  MULTI-VUE  CAP 

•  BUILT-IN  RESISTOR 

•  110  or  220  VOLTS 

•  •  EXTREME  RU66E0NESS 

•  ev  LOW  CURRENT 


L*1  i 


Write  for  descriptive  booklet 


The  DIAL  LIGHT  CO.  of  AMEBICA 

FOREMOST  MANUFACTURER  OF  PILOT  UGHTS 

900  BROADWAY,  NEW  YORK  3,  N.  Y. 

Telephone — SPring  7-1300 


Supplied  to  your 

EXACT  SPECIFICATION 

Moldite  iron  core*  for  television.  FM.  AM  and 
audio  frequencies  are  manufactured  with  the 


mos^  advanced  techniques  to  your  exact  me¬ 
chanical  and  electrical  specifications.  New  formu 
lae  and  carefully  supervised  production  result  in 
higher  Q  Values,  T>ermanent  stability  and  quantity  deliveries  to  meet 
your  needs.  When  Moldite  iron  cores  are  designed  into  your  cir¬ 
cuit.  you  are  assured  of  maximum  i>erformance.  smaller  physical 
si/e.  reduced  costs,  proven  reliability.  Write  for  Catalog  102. 

NATIONAL  MOLDITE  COMPANY 


HILLSIDE  •  NEW  JERSEY 


MID  WESTERN  REP. 
iRV  ROSE 

314  NO.  MICHIGAN  AVE 
CHICAGO,  III 


WESTERN  REP. 
PERIMUTH  COIMAN  I  ASSOC 
1335  SO  FIOWER  ST 
lOS  ANGEIES,  CALIE. 


SO.  AMERICAN  REP. 
JOSE  lUIS  PONTEI 
CORDOBA  1477 
BUENOS  AIRES.  ARGENTINA 


ENGINEERING 

SERVICE 

Moldite  engineers 
will  gladly  cooper¬ 
ate  in  determining 
the  exact  solution 
to  vour  iron  core 
problems  for  your 
design  and  produc¬ 
tion  requirements. 

samples 

Sample  iron  cores 
will  be  submitted 
for  design,  test  and 
pre-production-  pur¬ 
poses 


THE  BARRY  CORPORATION 

Formpry  I  N  BARRY  CO  .  INC 

177  SIDNEY  STPEET 
CAMBRIDGE,  MASS. 


TROUBLE-FR 


CUSTOM-BUILT 

TRANSFORMERS 


Over  25  7«an'  experi- 
mce  in  the  mcmuiacture 
of  specials  at  cost  that 
compares  lovorably 
with  standard  types. 
Built-in  quality  proved 
by  years  of  actual  use. 


PROMPT  DELIVERIES! 


NOTHELFER 

WINDING  LABORATORIES 

9  ALBERMARLE  AYE.,  TRENTON  3,  N.  J, 


NEW  BARRY  CATALOG 


Describing  Equipment  and  Methods 
Used  in  Shock  and  Vibration  Control 


Many  Designers  and  Engineers  will  use 
this  Barry  Catalog  as  a  reference  book. 
It  contains  Fundamental  Vibration 
Charts,  describes  basic  problems  in 
shock  and  vibration  control. 

The  new  catalog  illustrates  and  de¬ 
scribes  Borrymounts  and  their  applica¬ 
tions. 


BARRYMOUNTS  Control 
VIBRAtlON  and  IMPACT 


We  offer  a  complete  line  of  highly  engineered  Vibration  and 
Impact  isolators  for  commercial,  industrial,  and  military  appli¬ 
cations  .  .  .  also  an  engineering  consulting  service  on  speciol 
problems. 


Send  for 

NEW  CATALOG 


Company 


t' 


NEWS  OF  THE  INDUSTRY  (conHnucd) 

structor  clearly.  The  television 
camera  scales  demonstration  models 
up  or  down  to  proper  size  for  most 
effective  training. ' 

With  television,  usable  portions 
of  obsolete  motion  picture  training 
film  can  be  salvaged  and  brought  up 
to  date  by  combining  with  personal 
demonstrations.  Students  lose  in¬ 
terest  in  films  showing  obsolete 
planes,  for  instance,  yet  basic  prin- 


Two  35-inm  lUdo-strip  film  proioetora  and 
o  IB-mm  ■onnd  film  proiactor  h*r«  food 
Into  a  GE  film  camera  located  under  the 
control  room  of  the  Nory'e  teleTlsion  studio 
at  Sonde  Point  Long  Island.  Two  fnll-eil- 
▼ered  front-enrface  mirrors  moke  possible 
permonent  mounting  of  all  three  eouroes, 
any  of  which  can  be  cut  into  a  studio 
program  at  will 

ciples  involved  remain  the  same. 
Unparallelled  flexibility  in  choice  of 
instruction  material  is  another  ad¬ 
vantage.  The  lecturer  can  change 
at  will  from  models  to  artwork, 
maps,  diagrams,  motion  pictures, 
film  strips,  slides,  demonstration  de¬ 
vices,  training  devices  and  actual 
service  gear. 

Though  television  offers  promise 
of  better  instruction,  it  does  not 
eliminate  all  instructors.  Rather, 
it  permits  use  of  local  laboratory  in¬ 
structors  and  assists  them  with  the 
best  of  lecture  help.  It  is  not  in¬ 
tended  for  teaching  all  subjects; 
introduction  sessions  to  courses  imd 
the  more  difficult  sessions  offer 
greatest  promise.  Whether  tele¬ 
vision  will  actually  reduce  learning 
time  through  use  of  new  and  more 
effective  techniques  is  not  yet 
known. 

Radio  Parts  Show  and 
RMA  Silver  Anniversary 

Plans  Have  Been  made  for  a  gala 
radio  industry  celebration  in  Chi¬ 
cago  during  the  week  of  May  16, 
1949,  combining  the  RMA  Silver 

November,  7943  — ELECTRONICS 


If  you  Manufacture 


CONTINENTAL  ELECTRIC  CO 


Ameriia't  leader  in  Quality  Elecfronic  Tube-  Manufacture 

geneva/illinois 


Thanks  to  the  cooperative  efforts  of  hundreds 
of  scientists  and  engineers  in  almost  every  field 
of  industry,  we  have  been  able  to  compile  a 
comprehensive  new  booklet  about  DC  200  Ruids. 


WIRf  ASSEMIIY  AND  CORD  SET  DIVISION 
SALES  DEPARTMENT 

MONTICELLO,  INDIANA 

Sales  Offices:  Cbicsco,  Ill.;  Qerelsnd.  Ohio;  Dayton,  Ohio:  Deuou,Mich.:  Kansas 
City,  Mo.;  Lm  .^ifeles,  Uif.;  Milwaukee,  Wis.;  Newark,  N.  J.;  Ffiilidelphia.  Pa.; 
San  Ftandaca.  Calif.;  St.  Louis,  Mo. 


In  tarly  1943  glan  ttsHMalion  eolumnt  tuppliad 
rtw  <l»mand  for  ulhonm  productt.  By  1944,  wo 
had  complatod  a  multi-million  dollar  plant  to 
supply  war  Hmo  roquiromonti.  During  tho  past 
four  yuan  plant  copocify  has  bsen  triplod  to 
supply  tho  domostk  and  foroign  markots. 

We  hod  been  producing  DC  200  Ruids  for  less 
than  a  year  when  we  published  a  4-page  leaflet 
describing  these  remarkably  stable  silicone  fluids. 
Our  newest  publication  b  a  32-page  booklet 
describing  some  of  the  more  typical  applications 
and  giving  data  on  the  more  significant  proper¬ 
ties  of  the  DC  200  Ruids. 

This  volume  of  information  is  evidence  of  a 
unique  and  useful  combination  of  properties  in  the 
fluids  themselves.  It  is  proof  of  the  ready  accept¬ 
ance  given  to  these  basically  new  moterioh  by 
scientists,  engineers  and  technicians  in  almost 
every  industry.  They  have  improved  the  perform- 
aiKe  of  all  sorts  of  devices  by  capitalizing  on 
the  properties  of  DC  200  Ruids.  We,  in  turn, 
have  gained  knowledge  and  experience  by 
giving  technical  ossbtance. 

The  benefits  of  our  years  of  research  and  expe- 
rieiKe  in  produdng  DC  200  Fluids  and  in 
adapting  them  to  many  different  applications 
ore  mode  available  in  booklet  No.  N-C-13.  We 
hope  that  you  will  coll  on  the  technical  repre¬ 
sentatives  assigned  to  each  of  our  branch  offices 
for  any  additional  information  or  ossbtance. 


N  EIICTROMIC 

biggest  iobs 


flElO  REACT  EOR 

The  New  Continental  CE-703  End-on  Lead  . 
Sulfide  cell  will  revolutionize  Electronic 
Equipment  manufacture.  It  will  have  the  in¬ 
stant  approval  of  equipment  designers  who 
have  long  sought  a  practical  sub-miniature 
cell  in  applications  where  banking  of  numer¬ 
ous  cells  in  a  small  space  is  required.  It  will 
open  up  new  fields  in  the  designing  of  photo¬ 
electric  equipment  at  a  great  saving  on  ma¬ 
terials  and  space.  It’s  of  the  photoconductive 
type  with  high  voltage  sensitivity  and  good 
response  to  infra-red  radiation  up  to  3/LE. 

*Can  b*  made  as  small  as  Vi«”  dia.  by 
in  lensth.  Standard  size  i/s  x  *4*.  Write 
fer  data  on  any  larcer  elkas  required. 


DOW  CORNING  CORPORATION 
MIDLAND,  MICHIGAN 
AHonta  •  Chicago  •  Clovaland  •  Dollat 
Los  Angolos  •  Now  York 
In  Canada:  Fiborglos  Canada,  Lid.,  Toronto 
In  England:  Albright  and  Wilson,  Ltd.,  London 
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HAS  THEI 

TOPSj 


Ribbon  rolled  to 
.0001”  thickness 


Alloys  f 
Special  i 


requirements 


NEWS  OF  THE  INDUSTRY  (continiMd) 

Anniversary  convention  and  the 
annual  Radio  Parts  Industry  Trade 
Show.  Events  will  be  climaxed  by 
a  banquet  on  Thursday,  May  19,  at 
the  Stevens  Hotel. 

The  Parts  Show  management  also 
decided  to  broaden  the  eligibility 
rule  for  exhibits  by  parts  and  com¬ 
ponents  manufacturers  to  give 
limited  exhibition  privileges  in  the 
1949  show  to  parts  manufacturers 
selling  to  set  manufacturers  or 
other  industrial  outlets,  in  addition 
to  manufacturers  selling  to  jobbers, 
heretofore  admitted. 


FM  TRANSLATOR 
General  Electric  IModel  XFM-1 


Ptt’Wmr  v*r«loa 

of  Mb*  vM  OJT.  JJM.90 

Troosiofor  which  or**  oMil  oimI  o«|oyod  hy 

too*  of  fhooMM^*  of  rorflo 

{ftHmmrt. 

Covort  88«10S  me  rang#,  dial  12  inchot 
long,  vttt  guillotino  tuning  for  highost 
•fllcioncy,  high  stability.  Dosignod  for  ox* 
port,  has  powor  inputs  for  110  to  250 
volts,  50/60  cy.  Usod  in  conjunction  with 
good  audio  soction  or  soporoto  ompliflor 
will  provido  bost  FM  Kstoning  you  pvor 
hoard.  In  ottroctivo  noturol  walnut  cobinot 
-10%*  high  X  15%*wido  x  11%*doop, 
<omploto  with  8  tubes.  Tropic<proof  con¬ 
struction.  Quantity  limited. 

Special  Price.  .....  .$49.50 
TECHMASTER  fV  KIT 


IRE  Fellowships 

At  the  September  meeting  of  the 
IRE  board  of  directors,  the  follow¬ 
ing  members  of  the  Institute  were 
elected  to  the  grade  of  Fellow: 

H.  A.  AfCel  of  Bell  Telephone  Labora¬ 
tories,  New  York,  N.  Y.,  K.  <2.  Black  of 
Aircraft  Radio  Corp.,  Boonton,  N.  J. ;  J. 
£X  Brown  of  Zenith  Radio  Corp.,  Chicago, 
Ill. ;  Cledo  Brunetti  of  National  Bureau 
of  Standards,  Washington,  D.  C. ;  W.  L. 
Carlson  of  RCA  Laboratories,  Princeton, 
N.  J. ;  P.  S.  Carter  of  RCA  Labs,  Rocky 
Point,  N.  Y. ;  F.  E.  d'Humy  of  Western 
Union  Telegraph  Co.,  New  York,  N.  Y. ; 
John  N.  Dyer  of  Airborne  Instruments 
Laboratory,  Mineola,  N.  Y. ;  L.  A.  Gebhard 
of  Naval  Research  Laboratory,  Washing¬ 
ton,  D.  C. ;  T.  T.*  Goldsmith,  Jr.  of  Allen 
B.  DuMont  Laboratories,  Passaic,  N.  J. ; 
F.  W.  Grover  of  Union  College,  Schenec¬ 
tady,  N.  Y, :  E.  A.  Gulllemln  of  MIT, 
Cambridge,  Mass. :  Ross  Gunn  of  U,  S. 
Weather  Bureau,  Washington,  D.  C. :  A. 
V.  Haeff  of  Naval  Research  Laboratory, 
Washington,  D.  C. ;  L.  C.  Holmes  of 
Stromberg-Carlson  Co.,  Rochester,  N.  Y. ; 
J.  Kelly  Johnson,  consulting  engineer. 
New  York,  N.  Y. ;  S.  R.  Kantebet  of  the 
Government  of  India  Overseas  Communi¬ 
cation  Service,  Bombay,  India ;  W.  B. 
Lodge  of  Columbia  Broadcasting  System, 
New  York,  N.  Y. ;  K.  A.  MacKinnon,  con¬ 
sulting  engineer,  Ottawa,  Ontario,  Can¬ 
ada;  H.  F.  Olson  of  RCA  Laboratories, 
Princeton,  N.  J. ;  G.  D.  O’Neill  of  Syl- 
vania  Electric  Products,  Inc.,  Flushing 
N.  Y. ;  L.  S.  Payne  of  Canadian  Marconi 
Co.,  Ltd.,  Montreal,  Canada ;  L.  M.  Price 
of  Radio  Valve  Co.  of  Canada.  Toronto, 
Canada ;  H.  J.  Reich  of  Yale  University, 
New  Haven,  Conn. :  J.  D.  Reid  of  Crosley 
Division  of  Avco  Mfg.  Corp.,  Cincinnati. 
Ohio :  Karl  Spangenberg  of  Stanford 
University,  Calif. ;  George  Sterling  of  the 
I'CC,  Washington,  D.  C. ;  C.  E.  Strong  of 
Standard  Telephones  and  Cables,  Ltd., 
New  Southgate,  London,  England ;  Franz 
Tank,  Institut  fur  Hochfrequenz  Technlk, 
Zurich  F.  Switzerland ;  W.  N.  Tuttle  of 
General  Radio  Co.,  Cambridge,  Mass. :  I. 
R.  Weir  of  General  Electric  Co.,  Syra¬ 
cuse,  N.  Y. 

It  was  also  announced  by  the' 
board  that  the  Institute’s  Medal  of 
Honor  would  be  awarded*to  Ralph 
Bown,  director  of  research  at  Bell 
Telephone  Laboratories  and  mem¬ 
ber  of  the  Joint  Technical  Advisory 
Committee  of  the  RMA  and  IRE. 


lxo<tly  VKV 

Tho  Somo  os  tho  i  £  fKa 
UCA  630TS  TV  Chassis  I 
Complcts  kit  of  ports.  Including  pro-wirsd 
ond  aligned  RCA  front  end,  condsnssrs. 
rsiiitors,  punched  chostit,  oil  tubes  in¬ 
cluding  kine,  complete  monuol  with  service 
notes,  oil  - - - — 41  aa.SQ 

L$-3  SPEAKER 

Signal  Corps 

rugged 

Complete 

transformer  to 
match  4000-ohm 
load.  Voice  coil  im- 
pedonce  6-8  ohms.  Ideal  for  many  uses. 

Nanroy  Spodof . $4.VS 

AN  price*  Net,  F.OA,  N.T.C. 


LOngocr*  3>1800 


Tolophona: 


Midwest  Television  Networks 

Five  Television  affiliates  of  NBC 
are  now  linked  in  a  new  midwestem 
coaxial  cable  network.  Participat¬ 
ing  stations  are  WBEN-TV,  Buf¬ 
falo,  N.  Y.,  WSPD-TV,  Toledo,  0.; 
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Hfl^ 

RADIO  CON 

ilEY 

IPANYINC. 

103  WMt  43r4  S»v  M 

owYorklA  N.Y. 

T 


Leading  authority  on  tube  production 
and  design,  whose  association 
with  Arcturus  dates  back  to  the 
QUtCK  HEATING  BLUE  TUBES  j 
is  in  charge  of  our  Tube  Division.  # 


Constant  research  and  improvement  in  manufacturing 
techniques,  under  the  supervision  of  Mr.  Korany,  have  resulted 

in  a  line  of  tubes  unsurpassed  for  dependability  and  high 
quality  performance. 

Write  for  the  Arcturus  Tube  Data  Chart 


54  CLARK  STREET  •  NEWARK  4,  NEW  JERSEY 


HUmbeldt  2-3400 


Proof  of  the  pudding 
is  in  the  eating. 


are  the  largest  selling 
miniature  paper  capaci¬ 
tors  in  the  world. 


•  Good  for  100*^0 


•  Leads  CANNOT  pull 


Used  effectively  in  leading  labora¬ 
tories,  such  as:  Harvard  University, 

Bell  Aircraft  Corp.,  and  Hamilton 
Standard  Propellers ...  for  measur¬ 
ing  natural  frequencies  or  speed  of 
rotating  objects,  checking  or  cali¬ 
brating  tachometers,  oscillators,  im¬ 
pulse  generators,  similar  equipment. 

C.G.  CONN  LTD.,  DEPT.  11 12  T 

ElKHART,  IND.  ' 


Name. 
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"PARTS  OPF" 
MANY 
MATOUALS 
All  ImI  <m4  cold 
roNod  rod* 
Stalnlou  tfool 
Ckreino  Molyb* 
dowMiw 

AlwmlniHn  Brens 
Coicpor  Bi-molals 
Many  typos  of 
,  plastics 


with  the  New 

DI-ACRO  ROD  PARTER 

Hiis  newest  member  of  the  DI-ACRO  “DIE -LESS ' 
DUPLICATING”  family  of  Machines  brings  you  accur-  ! 
acy,  speed,  capacity  range  and  ease  of  operation  fully  up  to  j 
the  standards  of  DI-ACRO  Benders,  Brakes,  Shears. 

Do  you  roqwirs  procisionT — The  DI-ACRO  Rod  Barter  holda  ; 
tolerance  to  .001'  on  duplicated  cuts.  The  ends  are  square, 
and  roundness  is  maintained. 

Do  yo«  wont  spood? — The  Rod  Barter  exceeds  output  of 
other  methods  with  equal  accuracy,  on  rods  and  bars  up 
to  Torrington  Roller  Bearings  incorporated  in  an 
exclusive  multiple  leverage  arrangement  provide  remark¬ 
able  ease  of  operation  in  both  heavy  and  light  materials. 

GET  "DIE-LESS  DUPLICATING”  CATALOGli 

Shown  parts  produced  without  die  'expense  by  DI-ACRO 
Benders,  Brakes,  Shears,  Rod  Parten,  Notchers. 

Punches.  Send  for  your  free  copy.  a 

Preseunced  *'OI|.ACK-RO’* 


o'nEiL-min  mfo.co. 
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WWJ-TV,  Detroit,  Mich.;  WTMJi 
TV,  Milwaukee,  Wis. ;  and  KSD-TV, 
St.  Louis,  Mo. 

The  pioneer  NBC  group  listed 
above  will  soon  be  expanded  to  other 
cities  in  the  area,  including  WNBQ, 
Chicago  and  WNBK,  Cleveland.  It 
is  expected  that  by  January  1  the 
midwestem  net  will  be  linked  with 
the  NBC  television  network  now 
spanning  the  eastern  seaboard. 

Also  in  operation  for  telecasting 
of  presidential  election  returns  was 
ABC’s  six-station  midwestem  tele¬ 
vision  network,  comprising  KSO- 


321  EIGHTH  AVENUE  •  LAKE  CITY,  MINNESOTA 


WANCE  -  AMPHENOL  -  AEROVO  X  -  ASIA 
r;C-lANSING 


l.AB-CIN  AUDAGRAPH-CORNELl- 

JIECTROVOICE-GE-JFD-IRC- 
-  1 1  T  T  I  E  F  U  S  E  -  M  E  I  S  S  N  E  R  -J 
JATIONAl  -  OHMITE  -  RCA  - 
It  AH  -  STEVENS  -  STANCOpI 


TIC 
U  S  H 

^Kiley 

fNING 
^DRAKE 
UBLIER 
JENSEN 
MILLEN 
SAN6AM0 
-  WELLER 


PICKERI 

CALL  JACK  KIRSC 


ARROW  ELECTRONICS 

incorporated 

82  CORTLANDT  STREET,  NEW  YORK  7,  N .  Y. 


C 

^  'J^,Vj©kLTlMORE 

ST.  LOUiS/  s, 

.f-  ^  \ 

J  W&HMOND 

Vi 

y  '*  ^ 

_  _ 

O  COAXIAL  CABLE 

■I  COAXIAL  CABLE 

VERSITY-SYLVANIA-THORDARSON-WEB  Vi'l  li 
k-ICA  -  precision  -  UN-i 


ELECT. 

DIGBY  9-4714 
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TV  in  St.  Louis,  WTMJ-TV  in  Mil¬ 
waukee,  WSBD-TV  in  Toledo, 
WXYZ-TV  in  Detroit,  WEWS  in 
Cleveland  and  WBEN-TV  in  Buf¬ 
falo.  As  this  lineup  indicates,  mid- 
western  television  stations  are  in 
some  instances  joining  two  net¬ 
works. 

National  Electronics 
Conference  Program 

Two  outstanding  features  of  the 
1948  National  Electronics  Confer¬ 
ence  at  the  Edgewater  Beach  Hotel, 
Chicago,  November  4,  5,  and  6,  will 
be  the  banquet  in  the  Marine  Din¬ 
ing  Room  on  Thursday  evening, 
November  4,  and  a  large-screen  tele¬ 
vision  demonstration  by  RCA  in  the 
Crystal  Ballroom  on  Friday  at  8 :00 
p.m. 

The  technical  program  is  as 
follows : 

Thursday,  November  4 

9  :00  a.m. — Registration,  £Mgewater  Beach 
Hotel,  Chicago 

10:00  a,m. — Session  1:  NEW  MATE- 
TERIALS 

Properties  of  CbN  at  Radio  Frequencies, 
by  J.  V.  Lebacqz  and  Donald  H.  Andrews 
of  Johns  Hopkins  University. 

Development  and  Properties  of  Some  Ce¬ 
ramic  Dielectrics,  by  G.  R.  Shelton,  E.  N. 
Bunting  and  A.  S.  Creamer  of  National 
Bureau  of  Standards. 

The  Transistor — Its  Properties  and 
Characteristics,  by  Walter  H.  Brattain  of 
Bell  Labs. 

10:00  a.m. — Session  2:  SOUND  MEAS¬ 
UREMENT-RECORDING 

Application  of  Mlnlature-Circult  Tech¬ 
niques  to  the  Sound  Level  Meter,  by  H.  H. 
Scott  of  Hermon  Hosmer  Scott,  Inc. 

An  Evaluation  of  the  Application  of 
New  and  Old  Techniques  to  the  Improve¬ 
ment  of  Magnetic  Recording  Systems,  by 


November,  }94«  — ELECTRONICS 


/ 


^S^CIMHAIS  liwnsctl»\ 


Hassall 


of  RED  STREAK 
electrical  tapes  * 


D.  M.  STEWARD  MEG.  COMPANY 


Mom  Office  4  Works:  Choffonoogo,  Term 
Needham,  Moss,  •  Chicoqb  *  Los  Anqeles 
New  York  •  Philodelph  o 


EISLER 

ELECTRICAL  &  ELECTRONIC 

'  EQUIPMENT  , 

ELECTRONIC  TUBE  EQUIPMENT 

RADIO  TUBE 
EXHAUSTING 
MACHINE 


special  nails  •  rivets  •  screws  •  made  to  your  order 


HASSALL  cold-heading  may  solve 
your  immediate  special  part  problem 
. . .  Special  nails,  rivets  aftc  threaded 
parts  made  in  diameters  from  1/32* 
to  3/8"— lengths  up  to  7". . .  Rivets 
3/32"  diameter  and  smaller  a  specialty 
. . .  Variety  of  metals,  finishes  and  sec¬ 
ondary  operations  . . .  Economy,  qual¬ 
ity  and  quick  delivery  in  large  or  small 


SIZES  V4  to  2S0  KVA 

SPOT  WELDERS 

OF  ALL 

FOR  ALL  PURPOSES 
SIZES  Ya  to  2S0  KVA 
Butt  Woldort  •  Gun  Woldon 
Arc  WoMort 

^  Noon  Sign  Unite 

'  Fluoroccont  Tubo 

~  '  Monufocturing  Eguipmont 

CHAS.  EISLER 

EISLER  ENGINEERING  CO.,  INC 

7SI  Sc.  I3tli  St.  (Nccr  Avee  Avc.),  Newark  S,  N.  J, 


Design  engineers  and  nunufaaurers  in  the 
radio,  electrical  and  electronic  fields  are 
finding  in  LAVITB  the  precise  qualities 
called  for  in  their  specifications  .  .  .  high 
compressive  and  dielectric  strength,  low 
moisture  absorption  and  resistance  to  rot, 
fumes,  adds,  and  high  heat.  The  exceed¬ 
ingly  low  loss-faaor  of  LAVITE  plus  its 
excellent  workability  makes  it  ideal  for  all 
high  frequency  applications. 

ComplHt  d*lsU$  0*  rtquttt  . 


Send  cwponTDDASf  for 


The  Irown-lridgc  Mills,  Inc.,  Dept.  E  11-8,  Troy,  Ohio 

Ploaic  Mnd  mo  tho  filo  folder  tito  Sample  Book  of  Rod  Strook 
Elocfrical  Tapoi. 


Ho  o1»ligation,  of  course. 


a  of 
■ove- 
I,  by 
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Fairchild 

Precision 

Potentiometers 


long  life 
sustained  occurocy 
low  noise  level 
absolute  resolution 
resetobility 
multiple  ganging 

For.furthor  information  addratt:  Dapt.  *K', 
88>o6  Van  Wyck  Boulavard,  Jamaica  I,  Naw  York 


/ Y'C  CAMERA 


AND  INSTRUMENT  CORPORATION 


FOR  RADIO  RECEPTION 

. .  .  the  H.  H.  Scott  210-A  enhances 
enjoyment  of  both  FM  and  AM 
broadcasting,  iqinimizing  clicks, 
whistles,  and  noise. 


Fot  full  details,  request  Bulletin  4811-E. 

*Licensed  under  U.S.  and  foreign  patents  pending  and  issued. 


Hosmer  S  C  O  T  T,  INC. 


••PACAAe£D 


385  PUTNAM  AVE.  .  CAMBRIDGE  39,  MASS. 


tablished  fellowships  at  Stanford 
University  and  MIT  to  help  young 
men  obtain  advanced  degrees  in  the 
I  field  of  communications  and  elec- 
i  tronics. 

Radio  Corp.  of  America,  Camden, 
N.  J.,  recently  held  a  four-day  tele- 
!  vision  seminar  for  40  consulting 
j  engineers. 

I 

'  Federal  Telephone  and  Radio 
Corp.,  Clifton,  N.  J.,  has  installed 
a  modernized  f-m  two-way  radio 
system  in  pla9e  of  tlw  former  a-m 
equipment  in  215  mobile  units  on 


THE  H.  H.  SCOTT  210-A  AMPLIFIER  IS  THE  LOGICAL  CHOICE  IN 

CUSTOM 
INSTALLATIONS 

nealldiic 

Broadcast  and  Recorded  Music 


Built  to  laboratory  standards  of  electrical,  mechanical,  and  musical  excel¬ 
lence,  this  20-watt  amplifier  includes  these  features  .  .  .  proved  essential 
to  satisfactory  custom  performance  in  both  FM  and  AM  radio  reproduction 
as'  well  as  in  record  playing. 

Extended  listening  range  ...  30  to  20,000  cycles,  with  negligible  inter- 
modulation  or  transient  distortion, 

*Dynamic  noise  suppressor  .  .  .  designed  particularly  for  this  unit  .  .  . 
allows  widest  use  of  high-  and  low-frequency  gain. 

Twenty-watt  output  .  .  .  with  less  than  2%  harmonic  distortion;  range 
and  power-handling  capability  exceed  RMA  broadcast  station 
requirements. 

Minimum  controls  for  maximum  BexibiUty  .  .  .  easy  selection  of 
exact  tonal  balance  to  please  every  ear. 

GUARANTEED  FOR  A  FULL  YEAR 


IN  RECORD  REPRODUCTION 
.  .  .  the  H.  H.  Scott  210-A  lab¬ 
oratory  amplifier  provides  unsur¬ 
passed  realism,  with  freedom  from 
scratch,  hiss  and  rumble. 


One  of  flT#  lireboats  operated  by  the 
Baltimore  Fire  Department.  It  is  equipped 
with  Federal'.  2-way  f-m  mobile  radiotele¬ 
phone 

land  and  water,  for  police  and  fire 
department  operations  in  Balti¬ 
more,  Md.  The  units  will  operate 
in  the  152  to  162-mc  band.  Change¬ 
over  took  place  without  interrupt¬ 
ing  the  city’s  24-hour  service. 


PERSONNEL 


George  C.  Kuczynski,  attached  to 
the  staff  of  Sylvania  Electric  Met¬ 
allurgical  Laboratory,  Bayside,  N. 
Y.,  for  basic  research  on  the  elec¬ 
tron  theory  of  metals,  delivered  a 
series  of  lectures  on  the  physics  of 
metals  at  the  National  University, 
Bogota,  Columbia. 

H.  Myrl  Stearns,  formerly  in 
charge  of  the  Tube  Research  and 
Development  Laboratory  and  of 
tube  production  at  Sperry  Gyro¬ 
scope  Co.,  has  been  appointed  vice- 
president  and  general  manager  of 
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FORT  ABLE  RADIO 

BUILT  INTO  A  GIANT  PHONE! 


A  Rea!  Child's  Radio 

COMPLETE  WITH  AERIAL! 


Prudential  Sales  Co.,  Dept.  COl 
141  Broadway,  New  York  6,  N.Y. 


MIGHTY  MITES  OF 
RECORDING! 


For  cutting  direct  on  all  coated  aluminum, 
paper,  or  glass  base  discs.  Machine'lopped 
to  insure  a  mirrorlike  finish  ...  a  clean,  quiet* 
cut  groove. 


Mode  tp  fit  the  groove  cut  by  the  Brilliantone 
Recording  Needle.  Used  by  top  radio  stations 
and  transcription  companies. 


Products  of 


Famous  for  Fine  Needles  Since  1892 


For  New  Catalog  and  Current  PrUe  lists, 
write  to;  Advertising  Division 


H.  W.  ACTON  CO.,  INC 


MAKERS  Of  STEATITE,  TITANATES,  ZIRCON  PORCELAIN,  ALUMINA,  LIGHT  DUTY  REFRACTORIES,  CHEMICAL  STONEWARE  ^ 


NEY  Precious  Metals  in  Industry 

YOUR  DESIGN  PROBLEM  SIMPLIFIED  WITH  THE 
USE  OF  ONE  OF  OUR  STANDARD  CONTACTS 


X  ftfctlOM  .  co»it 


HEADED  AND  FORMED  WIRE  CONTACTS 


This  simplified  chart  shows  the 
form  and  overall  dimensions 
of  a  few  t)f  the  many  types  of 
contacts  made  from  Ney  Pre¬ 
cious  Metal  Alloys  with  elec¬ 
trical  and  physical  properties 
that  have  proved  exceptionally 
satisfactory  for  brush  or  wiping 
contact  applications.  Full  tech  - 
nical  and  test  data  are  available 
on  request.  Other  Ney  Pre¬ 
cious  Metal  Alloys  have  solved 
many  special  industrial  appli¬ 
cation  problems.  Consult  us 
freely  without  obligation. 


Ni>w  Junior  can  Ustni  to  serials  and  mysteries  wtthout 
illsturblng  anyone.  Sister  can  listen  .to  her  favorite  pro- 
granu  wbUe  Mother  listens  to  another  radio.  It's  really  a 
child’s  very  own.  The  telephone  "dial"  Is  a  carefully 
pre-set,  highly  selective  radio  dlai.  Brings  In  any  station 
within  a  100  mile  radius.  Tuned  for  every  radio  frequency 
from  540  to  1800  kilocycles.  Includes  all  the  features  of 
e.xpenslve  portables. 

RADIO  PHONE  HAS  THESEI 

•  Private  earphone  for  hours  of 

non-disturbed  listening.  mW 

•  Special  long  life  battery — OnlyXf  ^ 
the  flashlight  battery  need  be 

•  BMutifui  plastic  telephone  cose. 

•  Factory  guarantee  against  de-  I  HWnilliig||”{i|  1 
fects  of  material  or  workman- 

This  sen.saUonal  new  radio  is  complete  In  every  detail 
Includes  Us  own  tube  and  a  special,  easily  attached  aerial 
tp»t  b^gs  In  programs  with  plenty  of  volume.  Your 
Uadlopbom'  comes  to  you  complete.  Any  child  wUl  reap 
rich  benetlts  from  having  his  own  radio.  Kor  education, 
amusement,  ralny-day  entertainment,  there's  nothing  like 
a  Badlophone  for  keeping  every  youngster  occupied.  These 
perfectly  engineered  radios  are  available  In  limited  supply 
today.  8ati.sfactlon  guaranteed. 
SEND  NO  MONEY — pay  pottman  only  S4.9S  plus 
St. 00  for  long  /tf#  battory  and  fow  cants  postage — 
OR  remit  by  check  or  money  order  and  we  pay 
postage. 


NEY 

iGOLD, 


Vriu  or  phone  {Hartford  2-4271)  our  Research  D^rtmenf. 


THE  J.  M.  NEY  COMPANY  ir*  elm  street  .'hartfobu  i, 

SPECIALISTS  IN  PRECIOUS  METAL  METALLURGY  SINCE  int2 


\5EMBLY 


THAT  WITHSTAND  HIGH  SOLDERING 
TEMPERATURES 

ARE  IMMUNE  TO  ROUGH  SHOP 
HANDLING 

HAVE  TINNED  SHOULDER  FOR  RAPID 
ASSEMBLY 

FOR  200*C  SERVICE  ON  SPECIAL 
ORDER 


A  tinned  surface,  permanently  bonded  to  the  glaxed 
body  of  these  terminals  permits  rapid  soldering  to  any 
metal  enclosure.  Exceptional  strength  of  the  steatite 
body  practically  eliminates  assembly  refects  that  fre¬ 
quently  result  when  other  types  of  terminals  are  sub- 
fecied  to  soldering  temperatures  or  rough  handling. 
Leads  are  brought  out  through  an  axial  hole  in  the 
center  of  the  bushing  and  terminated  on  the  tinned  lug. 
A  drop  of  solder  on  the  hole  effects  a  complete  hermetic 
seal.  For  complete  information  concerning  tinned 
Steatite  terminals,  call  or  write  today. 


CERAMICS  aid  STEATITE  CORP 


OFFICIS  anl^ANT;  CROW'S  Mill  ROAD.  KEASBEY,  N.J 


1 
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The  types  you  need 
await  your  order! 


GENERALf^^ELECTRIC 


NEWS  Of  THE  INDUSntY  (conHnMd) 

Varian  Associates,  new  microwave 
and  electronic  research  and  develop¬ 
ment  laboratory  at  San  Carlos, 
Calif. 


A  practical 
and  concise 
treatment  of  the 


George  F.  Murphy,  with  GeneVal 
Electric  Co.  in  Schenectady  since 
1918,  was  appointed  manager  of  the 
equipment  development  works  of 
GE’s  Electronics  Department. 


ELEQRIC  WAVES 


Second  Edition 


By  HUGH  H.  SKILLING 

ProfcMOr  of  Elcctriail  En* 

Ki  fleering  and  Executiye 
Head  of  the  Depan- 
mem,  Stanford  University 


TUs  book  dearly  presents  the 
principles  of  electro-magnetic 
theory  and  their  practical  applica¬ 
tions  to  engineering  practice.  The 
author  has  placed  particular  em¬ 
phasis  on  the  basic  ideas  of  Max¬ 
well's  equations,  and  has  included 
many  ■  examples  to  demonstrate 
them.  The  rationalized  mks  sys¬ 
tem  of  units  has  been  introduced 
throughout  the  book,  and  explan¬ 
atory  notM  in  the  early  chapters 
darify  this  system  foE  those  used 
to  the  cg3  system. 


J.  T.  Lucas 


G.  F.  Murphy 


John  T.  Lucas,  formerly  in  charge 
of  product  engineering  for  all  Syl- 
vania  proximity  fuze  plants  in 
Pennsylvania,  has  been  appointed 
supervisor  of  quality  control  and 
customer  service  for  the  Hunting- 
ton  Radio  Tube  Plant  of  Sylvania 
Electric  Products  Inc. 


Completely  up  to  dote 

Much  nesi^  material  has  been  in- 
duded  in  this  second  edition.  The 
latest  information  on  cylindrical 
and  rectangular  wave  guides  has 
been  incorporated,  and  there  has 
been  an  mcrease  and  leoruniza- 
titm  of  the  data  on  the  reflection 
of  waves  and  bn  antennas.  The 
disciusion  •  of.-  wave  transmission 
through^  sei^-bonducting  media 
and  in  ionizi^'-rpgions  has  beeii 
expanded. 


YOU  can  buy  General  Elec¬ 
tric  sockets  now . . .  when 
you  buy  G-E  tubes.  These  qual¬ 
ity  sockets  were  designed  spe¬ 
cifically  for  G-E  power  tubes, 
rectifiers,  thyratrons,  etc.  They 
fit,  they  last.  They  aid  in  ob¬ 
taining  optimum  performance 
from  G-E  tubes  in  service. 

It’s  convenient  to  purchase 
G-E  sockets  along  with  G-E 
tubes,  because  you  get  them 
from  the  same  source,  making 
it  easier  to  order,  and  simpli¬ 
fying  paperwork. 

One  manufacturer  as  a 
source  of  supply,  means  one- 
manufacturer  responsibility 
for  both  products.  Use  G-E 
tubes  and  G-E  sockets  as  a 
team;  play  safe  by  demanding 
the  G-E  brand  throughout! 
Prices  and  full  details  are  avail¬ 
able  from  your  nearby  G-E 
electronics  office,  or  write 
to  Electronics  Department, 
General  Electric  Company, 
Schenectady  5,  New  York. 


A.  C.  Gable,  formerly  assistant 
engineer,  was  recently  appointed 
division  engineer  of  GE’s  Tube  Di¬ 
visions,  Schenectady,  N.  Y. 


Contenti  iiiclud*: 

Experimcnu  oa  the  Elearostatic  Field; 
Ve^6r  Aiuljoat;  Ccrtaio  Theorems  Re- 
•■tin*  to  Fields ;  The  Electrostatic 
Field;  Electric  Current;  The  Magnetic 
Field;  Examples  and  Interpretation; 

Maxwell’s  Hypothe- 
sis ;  Plane  Waves ; 
Reflection ;  Radia- 
tion;  Antennas; 
Wa-ve  Guides; 
Waves  in  the  lono- 
sphere. 


E.  W.  Stona 


A.  C.  Gable 


Ellery  W.  Stone,  executive  vice- 
president  of  Federal  Telephone  and 
Radio  Corp.,  has  been  elected  presi¬ 
dent  of  that  organization  and  its 
subsidiary,  the  International  Stand¬ 
ard  Electric  Corp. 


ON  APPROVAL  COUPON 

JOHN  WILEY  &  SONS.  INC. 

440  Feurth  Avs..  New  Ysrk  16.  N.  Y. 
Please  send  me.  on  10  days'  approval, 
a  com  or  BkUliac's  FUNDAMF34TALS 
OF  KLECTBIC  WAVS8.  If  I  dedda 
to  keep  the  book,  I  will’ remit  price 
Plus  postace:  otherwlae  I  will  return 
the  book  postpaid. 

Name  . 

Address  . 

City . State . 


Edwin  H.  Colpitts,  holder  of  24 
U.  S.  patents  on  telephone  inven¬ 
tions  and  director  of  the  Engineer¬ 
ing  Foundation  in  New  York  since 
1941,  was  presented  with  the  1948 
CressoB  Medal  by  the  Franklin  In- 
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jVlUtD’S 
HlV(  M*’ 
RADIO 
CATALOG 


pert  Service 

tngineers 


CorT»p'®'® 
for  Ro* 


ALLIED  RADIO 


'Tfeu/ 7at^ 

^  PRESSURE  RESEARCH/^ 


Th«  Syncro-Marker 
PRESSUREGRAPH 


Automatic  throughout. 

Con  bo  synchrofliiod 
with  automatic  Stum 
machiiw. 

Cuts  off  and  flaros  in 
ono  operation. 
Production  1250  flares 
per  hour.  For  minia¬ 
ture  flares,  fluores¬ 
cent  starters,  stand¬ 
ard  size  lamps,  fluo¬ 
rescent  and  radio 
tubes. 

RANGE  OF  MACHINE 
Glass  tubing 
27  to  45  gauge 

Length  of  flam* 

5  mm.  to  to  mm. 

Forms  flares  up  to 
47  mm.  dlom. 

Net  weight,  940  lbs. 
Gross  weight 
1450  lbs. 


Engm« 

Pidiwp 


ITS 

LITERATURE 


Afi9Mlor  Sync  Pr«$t4fr«9ro^  Syncro- Morfc«r  OtciHe9roph 


Hera  is  your  complete  answer  in  instrumentation  for 
checking  pressure  woriations,  both  regular  and  instantan¬ 
eous.  Prorides  oscillograph  pictures  showing  relation 
of  pressures  to  engine  shaft  rotcrtion  (top  dead  center) 
or  indications  in  degrees  of  rotation  and  also  relates 
pressures  to  time  (milliseconds). 

Accurately  measures  pressure  rise  with  time.  Con  be  ap¬ 
plied  to  hydraulic,  gas.  steam  or  pressure  line  measure¬ 
ment  of  static,  dynamic  or  instantaneous  pressures. 
New  detachable  diaphragm  permits  measurement  in  any 
pressure  range  from  wacuum  to  14.000  p.sj. 

Now  used  in  oil  fields  by  many  leading  producers. 


Write  for  your  copy  of 
"Pressure  Patterns"  il¬ 
lustrating  typical  Pres- 
suregraph  applications; 
and  "Pressure  Indica¬ 
tions  in  Engine  Fuel  Re- 
seorch,"  giving  dota  on 
dynamic  studies  of  pres¬ 
sure  waves. 


Dimensions 
24"x24"x72"  high 


Manufacturers  of  High  Vacuum  Pumps,  Auto¬ 
matic  Machinery  for  Incandescent  Lamps, 
Electronic  Tubas  since  1916. 

2027  -  46TH  STREET 
NORTH  BERGEN,  N.  J.,  U.  S.  A. 

TsI.  union  3-7412. 

CaMa  AddroM  “Intormseh”  North  Barton,  N.  J. 


ELECTRO  PRODUCTS  LABORATORIES 

Randolph  St.  Chicago  6,  III.  Phone  STate 


WANTED 


Middlewestern  manufacturer 
has  excellent  openings  for  two 
engineers: 


CIRCUIT 

ENGINEER 


Must  be  experienced  in  meas¬ 
urement  work,  FM  and  televi¬ 
sion  frequencies,  and  have 
thorough  knowledge  of  the  per¬ 
formance  characteristics  and 
correct  application  of  ceramic 
capacitors. 


Use  Clark  plano-concave  crystals  for 
maximum  prefocused  ultrasonic  output. 

*  250  kc  to  2000  kc 

*  1  cm  to  10  cm  diomotor 

*  100  mm  to  500  mm  radius  of 

curvature 

*  gold  or  silver  plating  optional 

Complete  ultrasonic  transducers  with 
impedance  matching  network  avoiloble 
for  use  under  insulating  or  non-insulating 
liquids. 

CLARK  CRYSTAL  CO. 

MARLBORO,  MASS.,  U.S.A. 

Export  Dapartmant 
Rocke  International  Corp. 

New  York,  N.  Y. 


CERAMIC 

ENGINEER 


You’ll  Bad  everything  you  need  in  radio  and 
electronic  equipment  for  laboratory  and 
development  work,  in  the  new  180- page 
ALLIED  Catalog.  Rely  on  one  dependable 
source  for  the  world’s  largest  stocks — thou¬ 
sands  of  parts,  tubes,  tools,  books,  test  in¬ 
struments,  sound  apparatus — ready  for  in¬ 
stant  expert  shipment  at  lowest  market  prices. 
Write  today  for  your  FREE  copy  of  ALLlED*s 
newest  Buying  Guide. 


Must  be  experienced  in  all 
phases  of  the  development  and 
manufacture  of  high  dielectric 
ceramic  body  capacitors. 

Kindly  give  full  information 
covering  your  educational  back- 
ciround,  practical  experience, 
age,  dependents,  and  compen¬ 
sation  expected.  Address 

P-6102,  Electronica, 

S20  North  Michigan  Ave.,  Chicago  11.  III. 


AUIED  RADIO  CORF..  Dopt.  114.-8 
•33  W.  Jocksan  Blvd.,  Chicuga  7,  m. 

□  Send  FREE  New  ALLIED  Catalog. 


Address, 


)NICS 
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»N  MOOU 
ATtAiif 

Comp/,,, 

•--D.O/  D.V.J; 
Control  Uni 

•••qu.ncy  Shi,,  p 
r.i.,yp;: 


POLARAD 

LABORATORY  Eouf 


Eou/omenf 


for  studio  •  laboratory  •  manufocturer 


•  Flat  freqwncy  rtsponM  from  100 
cpi  to  20  me.  ±  1  .Mb. 

*  Uniform  time  delay  of  .02  mjero- 
socoadt. 

•  Gaia  of  50  db. 

•  Frequenqr  compensated  high  imped¬ 
ance  attenuator  calibrated  in  10  db 
steps  from  0-50. 

*  Fine  attenuator  covers  a  10  db 
range. 

*  Phase  Linear  with  frequency  over 
entire  band. 


This  unit  io  designed  for  use  as  an  oseillo- 
scopa  deflection  amplifier  for  the  measure¬ 
ment  and  Tievring  of  pulses  of  extremely 
short  duration  and  rise  time,  and  contains 
the  Video  Amplifier  Unit,  Vower  Unit  and  e 
a  Low  Capacity  Probe.  .  j 


Speerf  ieotions: 

Input  Impedsnee;  Probe— I2siinf  t 
470, MO  ehsM:  Jsok— SOsisif  +  470.000 
ehsu:  Output  ImpedsnM  lOmsif  + 
4^,0M  shmt  eseh  eMi  push  pull; 
Msx.  Input  Vetts  SM^Mk  te  peek 
with  probe:  Max.  Output  VeHs  120 
volts  pesk  to.eesk  (push  pull); 
Power:  IIS  volts  M/60  ept  AC  Lino; 
Slu  4t</4'x22'x  I IV*'. 
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Model  V 


♦  FERRY  STREET  NEW  YORK  7,  N.  Y.  jj 

TELEVISION  ENGINEERS  and  CONSULTANTS  TO  THE  NATION'S  LEADING  TELEVISION  STATIONS  ::y 


USE 


FACILITIES 


ufo-  YOUR  ftnwtuctuM,/ 


•'fl'  '  -  -  ■•^5 


y^w  of  2  KNV  omplifitr  astemhly  tine  of 


Barker  and  Wittiamtan  s  Bntfot,  Fa.  plant. 


From  the  simplest  to  the  most  complex 
electronic  device,  B  &  W  is  equipped 
and  prepared  to  meet  your  most  exact¬ 
ing  needs.  Three  B  &  W  plants,  com- 
prising  150,000  square  feet, 
completely  equipped  with  a  competent 
engineering  staff;  machine  shop;  tool 


BARKER  a  WILLIAMSON,  Inc. 


stitute,  Philadelphia,  for  achieve¬ 
ments  leading  to  the  development  of 
practical  systems  of  long-distance 
communication. 

C.  Russell  Cox,  formerly  sales 
manager  and  chief  engineer  of 
Andrew  Corp.,  Chicago,  Ill.,  has 
taken  over  the  newly-created  office 
of  director  of  sales  and  engineering. 


room  including  all  machines  for  drilling, 
milling,  turning,  stamping  and  forming 
metals  and  plastics,  and  a  complete 
woodworking  shop,  are  ready  to  go  to 
work  on  your  design  and  production 
problems.  Your  inquiries  are  invited. 
Write  Dept.  EL-118  for  prompt  reply. 


C.  R.  Cox 


I.  S.  Brown 


John  S.  Brown,  associated  with 
Andrew  Corp.  since  1943,  has  been 
promoted  from  assistant  chief  engi¬ 
neer  to  chief  engineer. 

Walter  F.  Kean,  in  charge  of  the 
company’s  broadcast  consulting  di¬ 
vision  since  1944,  is  now  .sales  man¬ 
ager  at  Andrew  Corp.,  Chicago,  Ill. 


W.  F.  Kean 


O.  S.  Duiiendack 


\237  FAIRFIELD  AVENUE 


UPPER  DARBY,  PA. 


0.  S.  Duffendack,  until  1944  pro- 
fes.sor  of  physics  at  the  University 
of  Michigan  where  he  directed  re¬ 
search  for  16  years,  and  now  presi¬ 
dent,  vice-chairman  of  the  board 
and  director  of  research  for  Philips 
Laboratories,  Inc.  at  Irvington-on- 
Hudson,  N.  Y.,  was  recently  deco¬ 
rated  with  the  ribbon  of  the  King’s 
Medal  for  Service  in  the  Cause  of 
Freedom,  by  the  British  Consul 
General,  for  services  to  the  Allied 
war  effort  as  division  member  and 
chief  of  a  section  of  NDRC. 

Lewis  W.  Chubb,  director  emeritus 
of  the  Westinghouse  Research  Lab¬ 
oratories  and  recipient  of  the  1947 
John  Fritz  Medal,  has  retired  after 
43  years  of  scientific  research. 
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SINESS 
OPPORTUNITY 

•  The  Technical  Direc¬ 
tor  and  owner  of  well  known 
British  firm  manufacturing 
electrical  measuring  and 
testing  equipment,  seeks  to 
contact  active  U.  S.  busi¬ 
ness  man  with  a  view  to 
opening  works  in  U.  S.  A. 

•  It  is  intended  to  pro¬ 
duce  equipment  which  is 
not  already  on  the  U.  S. 
market.  In  the  first  in¬ 
stance  please  reply  stat¬ 
ing  experience  in  this  field 
and  amount  of  capital 
available. 
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BO-SSI3,  Electronirs 
3S0  West  <2nd  St.,  New  York  18.  N.  T. 


TERMINAL  WIRING! 


JONES 

FANNING 


Connactiont 
ar«  mad* 
through  Fan¬ 
ning  Strip, 
on  banch 
or  onywhor* 
opart  from 
borrior  strip, 
and  quickly 
slippod  into 
ottembly. 

Um  wMi  Jen**  Barrier  Tar* 
minalSlrip«,No«.  141  and 
142,  tar  1  la  20  torminol*.  tor. 

Simplifle*  toldaring.  Insures  corract  con- 
nactions.  Saves  time.  Ideal  for  harness  or 
coble  ouembly.  Brass  terminals,  cadmium 
plated.  Bakelit*  mounting.  Send  for  com¬ 
plete  data. 


HOWARD  B.  JONES  DIVISION 

Cinch  Mfg  Corp 

2460  W  GEORGE'ST  CHICAGO  18.  ILL 


COMPOIJNDS 


SelentUleally  eempowded  for  epacMe  eppUentteae  freas  snsxee.  reelu. 
esphalte,  jdtchee,  oUa,  aad  aifaieiraUa.  AeMUble  Ui  irld*  r— *e  *1  — a«*»f 
pout*  sud  hardneaee*.  Speetal  potti**  eoupeoad*  are  bent  eenttaett**  mm 
crack  realetaat  a*  utnaaely  low  teasperptarea.  Beoommaadatloaa.  *peeltle 
data,  and  Muaplea  wlB  be  faralehed  on  reqacet. 

for 

IMFREONATING  SEALING 


IMPREGNATING 
radle  seito 
trusfanesr  sells 

IfBltlS*  ssNs 

wire  sewriaes 

peasr  tebss  ud  fsiws 


DIPPING 

Csib 

Trassfsrasn 

Cssdsessn 


battsriss 

•vrttsb  hess  tsralsslt 
ssskst  tsnelnelt 
lltM  Bxterss 
POTTING 
Redte  TrMsIsrsisrs 
UiM  Usits 
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BIWAX  CORPORATION 


S  4  4  S  HOWARD  STRIIT 

SKOKIE,  ILLINOIS 


MODEL  2B  0.45 

Actwal  size  illastroted 


P 

II 

RECHARGEABLE  •  NON-SPILL 

V  I TA  M I T  E 

1  OZ.  BATTERIES 

(Smaller  Thaa  2  Pan-Ugbts) 

IDEAL  FOR  USE  WITH 

Miniotiir*  A*d  Sub-Minkitur*  Filamtnt  Typ*  Tubas 
for  HEARING  AIDS,  PORTABLE  EQUIPMENT,  ETC. 

LARGER  MODELS  ALSO  AVAILABLE 
Write  fer  Data  aed  Litoratara 

THE  VITAMITE  COMPANY 

227  West  «4th  Stroot  Now  York  2S,  N.  Y. 
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POYENTIOMITIRf 


NEW  BOOKS 


Vacuum  Tube  Circuits 

By  Lawrence  Baker  Arguimbau,  As¬ 
sistant  Professor,  Electrical  Communi¬ 
cation,  Massachusetts  Institute  of 
Technology;  John  Wiley  &  Sons,  Inc. 
1948,  668  pages,  price  $6.00. 

In  A  REALISTIC  appraisal  of  the  field, 
the  author  of  a  rather  unusual  book 
admits  the  temporary  value  of  texts 
on  electronics,  so  rapidly  does  the 
art  change.  His  aim,  therefore,  is 
to  equip  students  and  engineers 
with  the  intellectual  ability  to  solve 
problems  rather  than  to  describe 
equipment  or  circuits.  He  dissects 
circuits  to  their  basic  status,  shows 
how  to  determine  what  these  cir¬ 
cuits  do,  and  illustrates  his  methods 
with  many  useful  examples.  Prob¬ 
lems  are  provided  to  test  the  read¬ 
er’s  ability  to  learn  from  the  text. 

The  book  is  unusual  in  that  it 
does  not  follow  the  cut-and-dried 
pattern  so  customary  in  books  on 
electronics.  One  is  likely  to  find  in 
an  early  portion  of  the  book  mate¬ 
rial  usually  discovered  in  the  final 
chapter  of  the  conventional  book. 
The  idea  is  not  to  present  a  slowly- 
developed  and  consistent  treatment 
but  to  bring  to  the  student  the  tech¬ 
niques  of  solving  problems — in  brief 
to  aid  the  student  to  think. 

In  twelve  chapters  Pfbfessor 
Arguimbau  treats  many  aspects  of 
radio  communication,  diodes  and 
rectifiers,  triodes,  pentodes  and 
linear  amplifiers,  transient  response 
in  video  amplifiers,  amplitude  modu¬ 
lation  and  tuned  amplifiers,  power 
amplifiers,  oscillators,  inverse  feed¬ 
back,  amplitude  and  frequency 
modulation,  pulses  and  television 
and  microwaves. 

From  unofficial  reports,  the 
author  is  a  popular  professor — and 
his  book  should  be  well  received. 
— K.  H. 


Sf/ver  Alloy  Contacts 


New  Silver  Alloy  contacts  moke  possible  iinprov»4 
Attenuators  and  Switches  in  smaller  sites. 

^  Greater  Creapage  Distance— thus  better 
insulation. 

2  No  silver  migration. 

3  Greater  silver  surface  to  carry  current. 


S  Better  mechanical  operation  of  switch, 

6  Less  capacity  between  contacts^ 

u.u..  £ _  se 


beHer  frequency 
characteristics.  g 


Better  clearance 
to  ground. 


TYPE  800  UNIT 
with  new  contacts 


.TioiAtosja 


BERGEN  BLVD.,  PALISADES  PARK,  N.  J 
Tel:  LEonia  4-3106 


PM^F^A.SERIIS 


UNIFORM  DAMPING 


MAGNETIC  SHUNT  as  used 
by  Burlington  insures  uniform 
damping  characteristics.  All 
ranges  AC  and  DC  available  in 
zy',  3^',  4^"  rectangular  or 
round  case  styles  and  are  fully 
guaranteed  for  one  year  against 
defects  in  workmanship  or  ma¬ 
terial.  Refer  inquiries  to  Dept. 
F118. 


Principles  and  Methods 
of  Telemetering 

✓ 

By  Perry  A.  Borden  and  Gustave  M. 
Thynell.  Reinhold  Publishing  Corp¬ 
oration,  New  York,  1948,  230  pages, 
$4.60. 

The  material  contained  in  this 
book  fully  justifies  its  title.  Skill¬ 
fully  blending  basic  principles  and 
current  practice,  the  authors  have 
produced  a  thoroughly  practical 
text,  of  value  to  the  potential  user 


INSJRUmSNf  COMPANY 

tUKUNOTOH,  IOWA 
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NORTITAMERICAN 


The  23s"  magnetic  projection  tri- 
otle  3NP4  has  a  face  as  small  as 
a  compact  and  is  only  103*''  long. 


HERE’S  THE  OPPORTUNITY  THAT  MANUFACTURERS 
OF  TELEVISION  RECEIVERS  HAVE  BEEN  AWAITING! 
. to  SIGHIFICANT  FCATUIteS . 

*  /  Flat  16"  X  12 


non-reflecting  picture 
provides  fatigueless  viewing  from 
less  than  5  fet't  and  upward! 

2  Wide-angle  visihilitv  —  sc/iiare 
corners. 

3  Tnie  photographic  black  and  white 
picture  (pialit\  — no  discoloration. 

4-  Compact  unit— suitable  for  table 
model  cabinets. 

5  Long-life,  low-c-ost  picture  tube. 


O  Manufacturers  can  most  economi¬ 
cally  extend  their  product  range  into 
projection  television  bv  adapting 
their  10"  EM  chassis  for  use  with 
PROTELCR.AM. 

7  Eas\  to  serx  ice. 

S  High  contrast  ratio  and  broad  gray 
tone  range. 

9  Simple  optical  adjustment  system. 
to  Qualittj  huilt  after  more  than  10 
years  of  development. 


NORELCO  PROTELGRAM  consists  of  a  projection  tube,  an  optical 
box  w’th  focus  and  deflection  coils,  and  a  25  kv  regulated  high-volt¬ 
age  supply  unit,  making  possible  large-size  home  projection.  .More 
than  ten  years  of  exhaustive  ri*search  resulted  in  this  ideal  system  for 
reproducing  a  projected  picture.  The  optical  components  are  de¬ 
signed  to  produce  perfected  projection  for  a  16"  x  12"  image,  the 
optimum  picture  size  for  steady,  distant  observ'ation  and  also  for 
proper  viewing  at  less  than  5  feet. 


OtluT  NORELCO  iirraliufs  incliidi'  stand¬ 
ard  10"  dinit-vicwiiiK  tulu-s  and  si>«*c-ial- 
lMin><)si‘  catIuKU'-ray  Inlu-s  lor  many 
applications. 


IS  PICTURE  PERFECTION  IN  PROJECTION 


IN  CANADA:  PHIUrS  INDUSUtlES  ITD.,  1203  PHIUPS  SQUARE,  MONTREAL  *  EXPORT  REPRESENTATIVE:  PHILIPS  EXPORT  CORPORATION,  100  EAST  42ND  STREET,  NEVy  YORK  17,  N.  Y. 
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PHOTOELECTRIC  CUTTING  MACHINE . Cover 

Motor-driven  tracer  of  Air  Reduction  Soles  Company  unit  ronowi  >nrricate  outitne  of  paper  template  on  table  while 
oxyacetylene  torches  cut  paper-mill  pulp  beaters  in  quadruplicate  from  three-quarter-inch  low-carbon  plate  at  Paper 
Calmenson  Company  plant  in  St.  Paul.  For  technical  detjils  see  p  122 

SELLING  RESEARCH  IDEAS,  by  Waldo  H.  Kliever.  .  .  68 

Ideas  born  of  research  must  be  promoted  and  pushed  to  overcome  man's  inherent  opposition  to  change 

TELEVISION  STATION  COSTS,  by  William  Foss . , .  72 

A  budget  plon  for  small  stations,  showing  orderly  additions  to  plant  and  equipment  during  normal  growth 

FREQUENCY  STABILIZATION  OF  DIATHERMY  UNITS,  by  Corl  K.  Gieringer . 78 

Differential  relay  in  monitor  circuit  stops  oscillator  when  frequency  drifts  outside  of  FCC-allocated  band 

VERSATILE  TONE  CONTROL,  by  William  B.  Lurie .  81 

Multiple  R-C  networks  and  cathode-resistor  taps  are  switched  simultaneously  to  give  121  different  response  curves 

POWER  AMPLIFIER  FOR  THE  CITIZENS  TRANSMITTER,  by  Wolter  C.  Hollis .  84 

Complete  construction  details  for  increasing  power  of  ELECTRONICS  transmitter 

PRECISION  INTERVAL  TIMER,  by  Sidney  Wald .  .  88 

Intervals  from  0.01  to  100  seconds  are  provided  by  novel  discharge  circuit 

TELEVISION  REMOTE  VIEWERS,  by  Vin  Zeluff .  90 

Two  independent  picture  units  and  a  slave  unit  for  home  receivers 

CERAMIC  PHONOGRAPH  PICKUP,  by  L.  Grant  Hector  and  H.  W.  Koren .  94 

A  phonograph  pickup  designed  to  utilize  the  properties  of  synthetic  piezoelectric  moterial 

NEW  SYNTHETIC  PIEZOELECTRIC  MATERIAL,  by  G.  N.  Howatt,  J.  W.  Crownover  and  A.  Drametz .  97 

Induced  piezoelectric  properties  and  production  of  barium  titanate 

HIGH-VOLTAGE  SUPPLIES  FOR  G-M  COUNTERS,  by  Alexander  Thomas  .  . 100 

Portable  900-volt  d-c  power  supply  using  neon-controlled  oscillator  is  described 

CARRIER-FREQUENCY  VOLTMETER,  by  Paul  Byrne . 104 

Strength  of  signals  received  over  power  lines,  telephone  lines  and  cables  is  indicated  in  db 

MULTICHANNEL  RADIO  TELEMETERING  FOR  ROCKETS,  by  Gene  H.  Melton .  106 

Electronic  system  developed  for  use  in  Aerobee  high-altitude  projectiles 

DESIGN  OF  L-P  RECORDS . 110 

Considerations,  as  presented  at  New  York  IRE  section  meeting,  that  led  to  development  of  microgroove  records 

HUM  REDUCTION,  by  Arthur  F.  Dickerson . 112 

Circuit  design  data  for  mitigating  the  general  problem  in  all  kinds  of  electronic  apparatus 

MELTING-POINT  CHART,  by  K.  H.  McPhee . 118 

Metals,  alloys  and  ceramics  commonly  used  in  electron  tubes  are  covered 
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helps  WEBSTER-CHICAGO 


In  designing  their  superb  wire  recorder  for  office 
and  studio  recording,  Webster-Chicago  needed  a  spe¬ 
cial  meter-type,  volume-level  indicator  for  accurate 
input  control.  Ruggedness  and  accuracy  were  basic 
requirements.  Because  Marion  has  long  been  noted  for 
fool-proof,  trouble-free  electrical  meters  and  instru¬ 
ments,  it  was  natural  for  Webster-Chicago  to  turn  to 
Marion  for  this  important  component. 

Marion  soon  developed  a  small,  specially  designed, 
panel-mounting  type  of  meter  for  the  amazing 
Webster-Chicago  Wire  Recorder.  In  doing  so  Marion 
played  a  vital  part  in  helping  Webster-Chicago  record 
the  human  voice  and  other  sounds  on  a  wire. 

When  you  have  a  problem  that  concerns  electrical 
measuring  or  indicating,  we  invite  you  to  turn  to 
Marion.  We  have  a  long  record  of  success  in  helping 
others.  And,-  because  we  know  the  name  **Marion” 
means  the  ”most”  in  meters,  we  believe  we  can  help 
you  too. 

THE  NAME  "MARION"  MEANS  THE  MOST  IN  METERS 
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